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SUMMARY OF CONTENTS OF THE GOES-N STUDY REPORT

= The GOES-N study coasisted of five distinct tasks including:

° Determining replication costs of GOES I-M and GOES-7 in the GOES-N time frame,
) Defining and evaluating modificatioas to GUES 1-M to improve efficiency or reduce

CQOsSts,
° Defining evolutionary changes to the GOES I-M design to satisfy National Weather
Service (NWS) 1983 and NOAA 1989 requiremeants. ~

J
The GOES-N Study Report refers to the results of the GOES I-M replication cost study. A
report of this task was completed and transmitted to NOAA in September 1989. This report is
currently being updated to reflect the latest developments in the GOES I-M program. The
GOES-7 replication cost study report is being prepared as a separatc document.

* The categorization and disposition of NOAA requiremeats is reported in Volume 1 Section 4.

Results of the GOES I-M efficiency/cost improvement modifications study are described in
Section 7.1. The system concept Options I, II, and HII that generally represent the results of the
Task 2, 3A, and 3B studies are summanized in Section 7.2, Another result of the GOES-N study
- the determination of which NWS 1983 and NOAA 1989 requirements can be met with the three
optioas is contain..d in Volume 1 Scction 7.

Coaclusions ard Recommendations are covered in Volume 1 Section 8. Imager. sounder, control
system, Space Environment Monitor, Search and Rescue, Weather Facsimile, Data Collection
System, and Proaucts/Process/Communications recommendations have been extracted from
Sections 9, 10, and 11. Section 8 also contains conclusions pertaining to programmatic
opcrational satellite issues (prerequisitc development strategies, the direct procurement of
instruments by the government, protoflight missions, etc.).

Sections 9, 10, and 11 address instrument, control system, Image/Navigation/Registration, and
other system design considerations and surveys. These sections are supporied by the appendices
in Volume 2.
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FOREWORD

The Advanced Missions Analysis Office (AMAO) of the Goddard Space Flight Center (GSFC)
has completed a stedy to evaluate the feasibility, risks, schedules, and associated costs of
advanced space nd ground system concepts to meet National Oceanic and Atmospheric
Administration (INOAA) requirements for the next generation of Geostationary Opcrational
Environmeatal Satellites (GOES) following the GOES I through M series currently under
development but not yet launched. The study is the first step in a multi-phased procurement
effort that is expected to resuit in launch ready hardware in the early 2000s time frame.

The study was initiated in response to a request for a Phase~-A feasibility study, in November
1988 from Mr. Tuomas Pyke, Assistant Administrator for Satellite and Information Services,

NOAA, addressed to the NASA Associate Administrator for the Office of Space Science and
Applications (OSSA), Dr. Leanard Fisk.

Preliminary planning for the study at both GSFC and NOAA began in early 1989 with a NOAA
sponsored GOES-N Requirements Working Group meeting. A formai GOES-N requirements
document was issued by NOAA in May 1989. Funding to proceed with the study was received at
GSFC in October 1939.

This report represeats the latest activity of GSFC in translating meteorological requirements of
NOAA into viable space systems in geosynchronous earth orbits (GEO). GOES-N represents
application of the latest spacecraft, sensor, and instrument technologies to enhance NOAA
meteorological capabilities via remote and in-situ sensing from GEO.

The GOES-N series shows promise of becoming another significant step in NOAA weather
forecasting space systems, meeting increasingly complex emerging national needs for that agency's
services.
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1.0 INTRODUCTION

This GOES-N study was conducted by the GSFC AMAQO in close cooperation with personnel of
various GSFC organizations and directorates: the Resources Analysis Office (RAQ); the Office of
Flight Assurance; the Metcorological Satcllite (METSAT) Project; and the Mission Operations and
Data Systems, Space Science, Earth Science, and Engineering direciorates. The study was
performed in close cooperation with NESDIS and NWS persoancl.

NOAA and NESDIS cstablished a GOES-N Requirements Working Group (GNRWG) in October
1988 that subsequently resulted in a set of formally documeated NOAA requiremeats and
guidelines in May 1989. This documeat contained the 1983 National Weather Servicc (NWS)
requirements that have been applied, in part to, the GOES I-M series plus new requirements
gencrated by the working group focusing on expanded imager, sounder, SEM, Data Collection
System (CCS), and Weather Facsimile (WEFAX) capabilitics. The requiremeats were categorized
as core, optional, and enhanced depending oo their importance and stages of advancement.

Correspondence betweea NOAA and NASA leading to funded authorization of the GOES-N
study began in August 1988. Preliminary planning for the sty commenced within AMAO in
late 1988. AMAO received funds to proceed with the effort in Octucer 1989. A final report,
presented to NOAA on October 31 — November 1. 1990 followed a successful preliminary
briefing to the GSFC Management Couacil on October 22, 1990.

The objective of the study wa:, aud remains, 10 iceatify and evaluate preliminary concepts of
advanced instrumeats, space infrastructures, and associated ground systems that meet NOAA
*evolutionary” requirements to satisfy that agency's operaticnal needs in the post GOES I-M time
frame (2000 - 2010). The concepts were assessed for feasibility, cost, risk, and schedules The
purpose of the study was to provide NOAA with the technical information nceded to secure
approval for a "new start™ and to permit initiation of C:‘inition Phase-B studies.

With these guidelines as 2 basis, AMAQ was initially requested to perform four specific tasks
(Section 2): (1) determine the cost of replicating the GOES I-M series in the GOES-N time
frame and (2) define and evaluate modifications to GOES I-M that would inprove efficiency or
reduce costs. The third and fourth tasks were to define and cvaluate design changes to the GOES
[-M system io satisfy (3A) the NWS requirements stipulated in 1983 and (3B} the May 1989
NOAA requirements. During the course of the effort, another study was requested by NOAA in
mid-1990: to determine the cost of replic-'ing GOES-7 in the GOES-N time frame; funciag for
this task was received in December 19w.

The analyses performed during the studies resulted in the conclusion that the spacecraft/instrument
combinations referred to as options could satisfy most but not all the 1989 NOAA GOES-N
requirements. The ones that could not be satisfied by any evolutionary concept are referred to as
“unmet” requirements. Option 1 essentially supported the "core™ requirements, basically utiizing a
modified GOES-I-M spacecraft with improved imager and sounder plus an improvead and
expanded capability SEM. Option II is a more advanced system which satisfies many of tac
NOAA “corc and opticnal™ requirecments utilizing a bus different from the GOES [-M spacecraft,
with an improved imager, an advanced sounder, and increcased capability WEFAX, DCS, and
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SEM sensors.  Option ill addressces the more difficult to achicve enhancements to NOAA
requircmeats.  These have been determined to require a different bus, a ncw and, perhaps, an
auxiliary imager, and advanced soundesr. Optioa {1l also includes a new SVM/Hal, and a3 new
total clectron counter (TEC) as intcgral parts of the SEM. Details of the tnrec optioas arc
contained in Sectioas 7.2.1, 7.2.2, and 7.2.3. The results of the study are configured to provide
NOAA with sufficient information to sclect for further study onc of these or some hybnd option
depend ng oa feasibility, nisk, schedule, and cost criteria.  In addition, sufficient cost information
oa the three optioas is provided in Volume 3 to NOAA (o initiate the “pew start™ process for the
new system.

Replication cost estimates for both GOES I-M and GOES-7 in the GOES-N time frame are
coatained in separate reports. The study also indicates a need for additional specific studies to be
completed before Phase~B (definition) and Phase-C/D (fabrication, test, and launch) begin; these
arc summarized in Section 8

The sectioas which follow explain or describe in detail the analysis of requirements, the
characteristics and expected performance of the three options stodied in terms of NOAA
requirements satisfied, "unmet” requirements, high nsk technology clements, cost estimates, and
reconmendations.

1.1 Role of GOES-N in NOAA Planning

The GOES-N mission will be designed to provide unique measurements to satisfy advanced
NOAA requirements in the year 2000 time peniod and beyond. While GOES-N will costinue :0
supply unique data sets (c.g., winds from cloud motions) to the global numerical models and 0
assist synoptic scale prediction, most of the new and/or enhanced requirements emanate from
observational needs for mesoscale/severe storm events or global change studies. Specific
requiremeats are preseated in Section 4.0.

In addition to enhanced meteorological renuire.: ats, there are new needs for monitoring the space
cavironment and the sun There is als. -2 .. ~d for ;mproved communications for meteorological
data and for data measured in-situ frcin sunokc atforms. Finally, there is a requirement for
locating distress signal sources as early as pussible which would require a position location
capability in geosynchronous orbit. Further defails of these requirements are contained in

Section 11.

The GOES-N mission will be a continuztion of the successful GOES program which started in
May 1974 with the launch of SMS-1. It would be he 15th member of the senies. The GOES-N
mission will also be able to take advantage of new technological developments that have occurred
since the planning phase of GOES [-M (1980-1984). The GOES-N meteorological data would
complemeat mcasurements from the low orbiting NOAA satellite series and the information from
the rest of the NOAA system (c.g., WSR-88D radars, profilers, surface stations, radiosondes,
etc.). Prior to the launch of GOES-N, th: proposed NOAA/NWS modemization program should
be completely implemented.



GOES-N data are expected to have a greatly expanded operational use dee to the Advanced
Weather Information Processing System (AWIPS) installation expected to be installed at over 100
forecast offices. AWIPS will facilitate the combination of GOES-N mcasurements with data from
other sources. GOES-N information is also expected to receive widespread use by the rescarch
community, which should lead to further operational improvements that can pot be deicrmined at
this time.






20  SOOPE OF STUDY

The scope of the study was based on NOAA requirements stipulated in its Statcment of
Guidclincs and Requirements: GOES-N Phasc-A Study, dated May ™2, 1989. The scope of the
study was initially defined as the accomplishment of four tasks:

1. Estimate the cost of replicating the GOES 1-M scrics in the GOES-N time frame.
(Volume I11)

2 Define modificatioas to the GOES I-M design that will result in cither cost redutions or
improve efficiency. Evaluate each proposed modification on the basis of feasibiiity. risk,
schedule impacts, and costs.

3A. Definc changes to the GOES I-M design that will sesult in the system satisfying the NWS
1983 requircments. Evaluate cach propesed design change oa the basis of feasibility, risk,
schedule impacts, and costs.

3B. Definc changes to the GOES I-M design that will result in the system satisfying the
NOAA 1989 requircments. Evaluate cach preposed design change on the basis of

Funding was received in December 1990 to conduct a study to deiermine the cost of replicating
GOES-7 in the GOES-N time frame. (This study now complete is being reported in 1 separate
document.)

To accomplish these four assigned tasks, the scope of the study included analyzing NOAA
requirements, categorizing them “core”, “optional®, or “entanced™ depending on their importance
in satisfying mational weather forecasting needs.

The analyses of both NOAA requiremeats and the GOES I-M system, curr:atly under
development, resulted in scoping the effort w ideatify and include approxiriately cighty
specifically recommended studies, each related to one os more requiremens (or an cfficiency
improvement or cost saving). These studies were described in sufficient /detail to permit
manpowes requirement cstimates. A weighted system of study assessment criteria that included
cost, nisks, schedules, "value®, "payoff™, “tall poles®, and study and scie'rce beanefits was developed
and applicd to each study. The studies were arranged in priority order and agreed to by NOAA
officals.

However, tae total resources required to accompiish these studies exceeded what was available,
and 1t was agreed by NOAA that the scope of the study would have to be reduced. In addition,
the imagers, sounders, and control system were to be subjected to lumited analyses with the other
instrumeats - SEM, WEFAX, Search and Rescue (S&R), and DCS subjectd to comprehensive
“surveys®. As a consequeace of this change in scope over what was originally intended, and by
direction of the GSFC Director, the entire effort was labeled the GOES-N Study. The revised
scope of the study, as performed, included:

. Instruments to mcet NESDIS requirements
. Spacecraft charactenistics to meet operational and instrument accommodatioa requirements,



) Ground command and data handling characicristics to mect NESDIS and spacecraft
requiremcents, and
° Spacecraft and instrument interfaces with the ground data handling system.

21 Metearological Requircments Analysis

NOAA GOES-N requirements were compared with current GOES 1-M requirements.  Next,
GOES-N capability increases were ‘dentified and translated into corresponding instrument/sensor
requirements.  The translation was further extended to include data product needs, recognizing the
many diverse clements of the GOES user community.

The links between derived instrument/sensor requirements, current instrument seasing capabilities,
and projected (into the GOES-N time domain) instrument advances that may be available were
analyzed. Determination of the feasibility, risks, and costs of meeting NOAA requirements using
anticipated statc of the art in instrument technology were made. Significant incompatibilities were
identified and quantified. The ability to extend the pecformance of the existing GOES 1-M
seasors is included in this assessment.

The feasible instrument payload options selected individually and collectively entail certain
interface requiremeants on the host spacecraft and oa the total ground data handling system. The
study includes the identification and assessmicot of these interface requiremeats.

22 Spacecraft System Analysis

Basically, in accordance with NESDIS guidelines, a generic 3-axis stabilized bus evolving from
the GOES [-M series was the initial focus of consideration for accommodating instrumeats and
providing appropriate interfaces with the total ground system. (Note: later in the study NESDIS
did request a study 10 deiermine replication costs of the GOES-7 spin stabilized system.) The
scope of the study included:

Payload accommodations

Ground systems requirements
On-board data processing

Attitude control system requirements
Thermal coatrol system

Other subsystem analyses as required

From this, several basic concepts utilizing evolutionary or commercially available spacecraft were
dceloped with feasibility, schedule, cost, and risk assessments stipulated. Overall design
concepts, including instrumeats, were generated suitable for expendable launch vehicle (ELV)
interface analyses. In addition, designs showing the proposed configuration deployed in orbit
were developed.

10



23 Launch Vehicle Considerations

With the space system concept developed, Rough Order of Magnitude (ROM) mass, ceater of
gravity, configuration, and volume estimates wer: used to determine specific candidate ELV's
currently available or under development that can meet launch requirements for the GOES-N

series circa 2000.

24  Ground Scgmeat Requirements Analysis

In addition to impacts on instrument designs and the GOES~N spacecraft, GOES-N user
requircments arc expected to result in increased capabilities of various elemeats of the ground
segment of the NESDIS GOES system. Included in this requirements analysis area are
coasiderations of:

° Ground system elements and communication networks within and extemal to NOAA
° Data flows

The rest'ts of this segment of the GOES-N study are contained in Section 11.
25 Phase-B Preparations

A major output of this study is information svitable for prepuring a Phase-B study Statement of
Work (SOW).

26  Study Exclusions

This study addressed feasibility, cost estimates, z2ud risk assessments to serve as a basis for a
comprehensive Phase-B procurement. Certain items, normally subjected to a preliminary system
design or advanced mission analysis, were excluded or deferred. Generally excluded were
preliminary systems designs of the instruments and spacecraft subsystems. Also excluded were
"advanced missions” type analyses of the GOES ground segment (command, control, data
collection and dissemination). Within the framework of these major categories of study
exclusions, specific items excluded were:

“ertain recommended studies delineated in Section 8

Integration and test (I&T) considerations

Pre and post launch operational scenarios

Safety considerations

Performance assurance provisions

Nca-"evolutionary™ concepts

Seasor analyses other than imagers and sounders (the remaining instruments were
subjected to “"surveys”).

11






3.0 BACKGROUND

Even as the GOES I-M scrics of meteurological satellites was in the process of development,
NOAA had alrcady begun its intemnal deliberations for a post GOES 1-M geosynchronous carth
orbiting follow-on cailed GOES-N. Rcporrodly, NOAA considcrations for this advanced mission
included the GOES I-M program status, expccted advances in instrument and scasor capabilitics,
ncwly emerging NOAA science requiremeats, the projected NWS modemization program
currcatly undesway, and ncw spacecraft developmeats including the NASA geoplatform system.
As a result of these and other related factors, initial correspondence betwees NOAA and NASA
was exchanged beginning in 1988.

In a letter dated August 23, 1988 to Dr. Leanard Fisk, Associatc Administrator for OSSA, NASA
Headquarters, Mr. Thomas Pyke, Assistant Administrator for Satellite and Information Services,
NOAA, stated that it was time "for NOAA to begin exploring optioas for continuing geostationary
meteorological services past GOES I-M." He also said that his Advanced Systems Planning
Division weculd begin working with the NWS to produce a requiremenss document for
geostationary services past the GCGES~M mission.

In his letter of respoase dated October 13, 1988, Dr. Fisk agreed that it was “time to start
planning for the follow—on to GOES-M" to avoid a poteatial coverage deficit due ‘o an unforseen
eveat such as the launch failure that resulted in the loss of GOES-G.

In his second letter to Dr. Fisk, dated November 10, 1988, Mr. Pyke formally requested that the
AMAOQ at GSFC "complete a Phase~A feasibility study with cost assessmeats” for a satellite
system to follow GOES-M.

In a letter dated December 6, 1988, Dr. John Townsead, Director, GSFC, was requested by
Dr. Fisk to identity a study team within GSFC to conduct the desired study. He stated that he
believed “"the AMAO would be an appropriate organization to complete such a study”.

Later, in a letter dated December 23, 1988, Dr. Townsend responded to Dr. Fisk that GSFC would
support the request and would conduct the required study within the AMAO with Richard Wirth
as the Study Manager.

In his letter to Mr. Pyke dated January 23, 1989, Dr. Fisk responded that GSFC would conduct
the requested GOES-N study via the AMAO. Dr. Fisk also stated that NASA was "happy to see
that provisions for Phase-A/B definition studies are being factcred in at the beginning. This
should go a long way toward avoiding the kind of cost growth problems we've had with the
GOES I-M program.”

The foregoing record of correspondence constituted the formal authonization for AMAO to plan
and co.duct a GOES-N feasibility study with risk and cost assessments for a satellite system to
provide post GOES-M services.

13



Letters dated October 14, 1988 to the user community from Mr. Stanley Schncider, Chief of
Special Projects Divisions, NESDIS announced the establishmeat of a GOES-N Requircments
Working group and invited participants to attead a mecting on January 10 and 11, 1989, to starnt
the process of developing requirements. The meeting served as a basis for an initial partial list of
user requircments that were sclectively distributed for review on April 6, 1989, at the GOES I-M
Conference.

The NOAA Guidelines and Requirements for the GOES-N Phase~-A Study was completed on
May 22, 1989. The document was prepared by the NOAA/NESDIS Office of Systems
Development Advanced Systems Planning Division.

During the period December 1988 to mid-1989, planning for a Phase-A study was initiated
within AMAO incluuing study objectives, technica! approach, schedules, and resource
requircments.

At a joint GSFC/NASA HQ/NESDIS meeting held oa April 14, 1989, Mr. Wirth of GSFC
preseated the Center’s baseline scope of a full Phase-A study together with estimated costs, civil
service and ou-site contractor manpower, and instrumeat/related off-site coatract estimates. Total
GOES-N Study Project cost estimates ranged from $3.0M to $43M. (GSFC RAO estimates
ranged from $4.0M to $6.0M.) In respoase to this estimate, NESDIS stipulated a spending limit
of approximately $1.56M for this study.

NESDIS expressed a need for a feasibility study that would include cost estimate and risk
assessmeats for various mission options. The main driver for this request was to caable NESDIS
to provide upper levels of NOAA management with sufficient informarson to initiate the new start
process. NESDIS emphasized that “design” was not a required ead product of the proposed study
but only to be performed as needed to determine costs, feasibility, and risks. Referred to was an
"evolutionasry spacecraft” and instruments that already have (or will have) a "flight heritage.”
NESDIS mentioned that another purpose of this study was to help determine Phase-B scope,
requirements, etc

As a result of this and a later (June 5, 1989) meeting, a revised GOES-N Phase-A Study Plan
was prepared, respoasive to the NESDIS request, with an attached cost estimate of $1.56M,
consistent with NESDIS funding availability This plan was transmitted to NESDIS via a letter
dated June 19, 1989 from GSFC (R. Wirth, Study Manager) to NESDIS (S. Schneider, Chief,
Advanced Systems Planning Division).

Intemal to GSFC, there was concemn that the limited resources would not permit the
accomplishment of a complete Phase-A study. When this was reported to the GSFC Management
Cucncil in July 1989, at a Director's Study Review, the Directo. ordered the study renamed the
"GOES-N Study." Notice of this change was subsequently transmitted to NESDIS officials
verbally and at the study team's weekly staff me .ings.

In mid-1990, NESDIS requested that the study be modified to include replication costs of a

GOES-7 in the GOES-N time frame. Funding in the amount of $105K was provided by
NESDIS for this task (December 1990).

14



4.0 DEFINITION OF REQUIREMENTS
4.1 Overview

During the past decade, since the obscrvation requirements for the GOES 1-M series were
established in the ecarly 1980's, there has been:

1) Increased understanding of mesoscale/severe storm processes.

J) Improvements in numerical modeling from the mesoscale up through the global scale.

3) A strong international focus on the importance of monitoring global change.

4) The approval of a major improvement in the ground based measurement of
numerous meteorological parameters and the interactive facilities to use these new
data (the NWS modemization). In the future, these measuremeats will be
combined with satellite data.

5) A greater need for in-situ measurements from remote locations as part of the
overall data base.

6) Recognition of the need for more sophisticated space environment measurements.

7 Higher speed transmission of meteorological data.

8) The need for the rapid location of a satellite rece;ved distress signal.

The list above indicates a need to develop new observational requiremeats for satellite sensors that
would be available in the 2000 time period. In some instances, what the capability might be
beyond 2000 (c.g., numerical modeling requirements) must be anticipated so that observational
requircments will be properly established. The GOES-N requiremeats were developed from these
considerations along with the expected role that GOES-N is expected to have in the overall
observing system that would be in place after 2000 (c.g., the NWS modernization, polar orbiting
satellites, etc.).

Most of the GOES-N requirements were developed from the January 1989 GOLS-N
Requirements workshop. The workshop was attended by representatives from government
(e.g.. NOAA, NASA), industry, and the academic community. GOES-N requirements were
generated for the different satellite sensors and/or functions that comprise the eatire satellite
system. In general, meteorological and space envircnment requirements were translated into
satellite related performance units (e.g., spatial and temporal resolution, radiometric levels and
sensitivities, etc.). Similarly, the communication and search and rescue functions were specified
in terms of required performance (e.g., data rates, location accuracies etc.).

Following the workshop, there were smaller group meetings to refine the requirements and
provide NOAA/NESDIS with the comprehensive wnput needed to initiate the GOES-N study. By
June 1989, the requiremenis were given to the AMAO.

A set of global change study requirements has been extracted from NASA documents (e.g., Earth

Observing System (EOS) working group reports) associated with the planaing oi the EOS
mission. More details on these rcquirements will be presented at the end of this section. Because
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global change is a relatively ncw program area, the global change requirements will probably be
subject to relatively rapid evolution as the program maturcs. The GOES-N mission could make a
substantial contribution to satisfying global change mcasurcment requircments.

42 Imaging and Sounding Requirements

The NWS is a prime contribuior to the requirements. The majority of its requirements concein
meteorological measurements which are made by instnunents that take images of the earth in
various spectral bands and that obtain spectral data primarily in the visible and infrared which can
be used to generate winds and profiles (mostly temperature 2.d moisture).

Following the January 1989 workshop, the NWS reviewed its imaging and sounding requirements
and sent NESDIS a memorandum containing its needs. This memorandum was the basis of the
imaging and sounding requirements used in the GOES-N study.

The NWS imaging and souading requirements were subdivided into three groups. core, options,
and enhancements. The core requirements ar. the most essential. Many are a revalidation of
those specified in the 1983 GOLES I-M requirements and contain some which have been difficult
to meet as the GOES I-M series has evolved. The optional requirements were those that the
NWS wanted to explore seriously including areas which were desired on GOES I-M but were
considered to be not feasible in that time frame. Other optional requirements have been added as
the need for more sophisticated products grows as the 2000 time period is approached (e.g., the
combination of satellite data with the measuremeats from the modemization of NWS during the
1990s). The enhanced requirements are highly desirable; however, it is recognized that many of
these could be expensive and/or have high technological risks. Therefore, they were given lower
priority than the core and optional requirements by the GOES-N Study Team (GST). There were
additional prioritizations provided within the optional and enhanced requirements categories.

When the GST received the imager and sounder requirements from NOAA fthe NWS

memorandum) it summarized them into a compact tabular form. Tab) . ::uiremen(s
summary for the imager that subdivides the requirements into the thre i i o -
types of requirements. The requirements nea: the top of Table 4.2.1-38. ent rela

the ones near the bottom are affected by the performance of the complete system (i.c., iMoetecmne ™
and spacecraft). This latter group is mostly connected with registration and navigation. Tables
4.2.1-a through ¢ relate to the imager requirements of the May 1990 NOAA requirements

document by number. These numbers were used to identify each requi-zment to studies that were
identified during the study period. The NWS memoranduin contains details of why NWS wants

each capability; the highlights are:

1) The core imager channels are the same as those on the GOES I-M imager. The four

additional optional channels would primarily improve cloud height mezsurement
(13.3 pum), be used to track areas of moisture in cloud free areas (7.3 um), detect clouds
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2

3)
4)

6)

8)

against & snow backgroind (1.6ur1), and measure the arcal extent of cgetation (0.5 um).
Thz enhanccments wouia permit a more quantitative usc of the visible channcl and use the
visible channcl at nigh’ (c.2., fog detection).

The spadal resolutions of the core chanels are the same as the GOES [I-M imager.

The options and cnhanement improvemeats to “hree of the five existing GOES 1-M
channcls would yicld major benefits for cloud o otion measurement for winds, other cloud
propcrty measurements (e.g , type, amoun:, and beight), and for the general interpretauon
of imagery. especially sma'l scale cloud features (¢.g., thunderstorm outflow boundaries).
The tempora; resolution requuements are well within those of the GOES [-M imager.
The core sensi‘ivity and dynamic range needs are the same as GOES I-M. The optional
radiometric seasitivilies will primarily allow coasiderably more accurate determination of
surface temperature (cither terrestrial or clouds) and lower tropospheric water vapor. The
enhancement optioa of a wider dynamic range will permit the scasing of surface
temperatire in summertime desert areas and hot spots produced by fires.

The next three areas are concemed with image quality (cloud smearing) and/or utilization
of the data for multispectral techmiques (e.g., surface temperature measurement). The
encircled encrgy requirement will require a detailed specification in later phases of the
program.

The core system requiremeats associated with earth location accuracy, unage stability
(called pixel w pixel registration in the NWS memoracdum), and registrations are the
same as the GOES 1-M program. The spatial improvemeats are mostly connected with
data matching with the NWS modemization measurements, the accuracy of cloud motion-
wind determinations, and the poteatial for very accurate cloud height determination using
stereographic t=chniques with simultancously acquired images in the overlapping regions
of two spacecraft.

The 30 second timeliness requirement emanates from tie high perishability of rapid scan
imagery in severe storm situations.

T-.¢ operational conflicts and improved performan > requirements category contains needs
for exteading the number of hours of opcrational daia, improving the quality around
midnight (when the stress on instruments and spacecraft is maximum), and adding the
capability to deteat lightning. The enhancement requirement in this category recognizes
the potenual conflict when coatinuous operational rapid scan imagery over limited areas is
required at the same time that there is 2 need for continuous full disk imaging to support
international users and to obtain winds from cloud motion over the full disk for global
models. It is also recognized that a second imager could serve as a backup to the primary
imager in the case of a malfunction of the primary imager.

Table 4.2.2 is a summary of sounder requirements presented in a format similar to the
requirements in Table 4.2.1. Tables 4.2.2-a through c relate to the sounder requirementis of the
May 1990 NOAA requirements document by number and were used in the same manner as the
imager numbers (Table 4.2 1a-¢). The hghlights are (again, the details are in the NWS
memorandum):
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1)

2)

3)

4

3)

6)

7)

The core channcls arc the same as the GOES 1-M soundcr. The optional channels will
have to be of much higher spectral resolution in order to achicve the required accuracy
shown in the options column for accuracy To achieve the higher spectral resolution will
icquire an interferometer or spectrometer covering the spectral range from 4-15um with a
spectzal resolving power of NAA of > 1200:1.
In general, the core and optional spatial and temporal resolutions are close to those of the
GOES I-M sounder. The enhanced spatial resolution (<4km) is to further reduce cloud
effects, and the enhanced increase in dwell time is to uaprove radiometric performance.
Special products from sounding data are anticipated (e.g., cloud top heights) where some
compromise can be made in radiometric performance with a commensurate incrcase in
coverage per unit time. The result is the optional requirement for sounding image
products.
The core accuracy requirement is the same as what is expected to be achieved with the
GOES I-M sounder. By 2000, the combination of better model performance, expected
better forecast accuracy, and the accuracy increases expected from other observing systems
leads to the strong optional requirement for a higher level of performance which should be
achievable with the remote sensing performance outlined under sounder item 1 above.
A sounding is required for each 60 x 60km area using a maximum of nine clear pixels
within that area ( the same as the GOES I-M requirement). The optional requirement for
single pixel sounding recognizes:
a) that the possibility of a single ~!zar area within a 60 x 60km area is significantly
greater than 9 clear pixels.
b) the positive value of having 10km sounding resolution in clear areas to define
strong thermal gradients in dynamic meteorological situations, and
) the reduction of noise created by different averaging situations either/or in time
and space.
The core requirement of a visible spectral band at the same resolution as the sounding
spectral bands is the same as the GOES [-M sounder. e higher spatial resolution
visible and infrared optiunal requirements are to improve day and nighttime cloud
detection respectively, which is one of the most serious negative influences on accurate
sounding.
The core requirements for encircled energy, spzctral response, crosstalk, and quantizing are
either the saine as GOES {-M or have been added 0 improve the radiometric quality of
the data.
The core systems requirements for earth location, imag. stability, channel to chan-el
registration, and image to tmage rcgistration are close to those for the GOES I-M sounder.
They are needed for matching sounding data with measurcments from other sources (e.g.,
profilers, surface and radiosonde stations), for calculating the motiors of features seen in
the sounder data, and for contributing to the strong requirement for obtaining radiometric
data for sounding from the same atmospheric colump and underlying surface. witk
consistent cloud effects or the iack of cloud effects on each measurement. The optional
ruirements for co-registration of the higher resolution visible and infrared data to the
sounding channels is also needed for precise cloud etfect estimation. The instantancous
field of view (FOV) matching to within +2% is nceded to ensnre that thz radiances
required for sounding arc coming from the same atmospheric celumn a:d underlying
surface.
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All imaging and sounding requirements ultimatcly arc connccted to geophysical paramcters that
will be needed beyond 2000. Table 4.2.3 is a sample list of parameters which, in some cases, are
divided into subcategories. The parameters expected to be derived from measurements {rom the
imager are correlated with imager channels in Table 4.2.4, which shows all the proposed optional
spectral bands as well as the five core spectral bands. It is obvious that most of the parameters
will be dzrived from combinations of spectral bands rather than from just a single channel. Thus,
the requirements for spectral band to spectral band registration affect the quality of the derivations
for virtually all the parameters. The same is true for most of the other requirements, because they
influerce total imaging performance (e.g., encircled energy. image stability, etc.).

The primary products from the sounder are temperature and moisture profiles, and the sp-ctral
bands are selected to best obtain the profiles. As with the imager, the other requirements (signal
to noise, additional high resolution imaging aitays, etc) have been chosen to provide improved
derivation of the profiles. There are, however, a number of othe: products that can be produced
from sounder data such as surface temperature and cloud top heights. Past experience has also
shown (e.g., VISSR Atmospheric Sounder (VAS)) that, with such a wide range of spectral
information available from the sounder, many new products will be developed which canrnot be
specified now.

As previously mentioned, many of the requirements are either new or improvements over what is
expected on GOES [-M. In these instances, an attempt has been made to assess the value of each
of these requirements. The "optional” sounder requirements were not converted by NWS or
NOAA into instrument parameters; i.c., spectral channels, sensitivity, etc., (See Section 9.3.2).
This will not only help appreciate the expected value of each requirement but also assist in
making system trade—off decisions where the value has to consider technological complexity, risk,
and cost. Details of this assessment in the area of image navigaticn and registration are presented
separately in Appendix Al.

Another consideration is where the parameters will be used in meteorological analyses. Table
4.2.5 shows the expected use of each major parameter category as a function of major
metecrological events and/or uses. There is a strong emphasis on mesoscale/regional scale events
and contributions to numerical models. Tropical and extratropical cyclones are shown as separate
events. Table 4.2.5 shows that each of the parameters will contribute to the analysis of most of
the events with some (e.g., winds and the profiles) contributing to all of them.

43 Space Environment Monitoring Requirements
43.1 Summary of Requirements

Requirements for the GOES-N SEM contained in the "Statement of Guidelines and Requirements.
GOES-N Phase-A Swdy" are summarized in Table 4.3.1, reproduced from that document. The
first four instruments listed Table 4.3.1-a and 4.3 1-b; i.c., the Energetic Particle Sensor (EPS),
magnetometer, full-disk X-Ray Sensor (XRS), and the SXI are identified as the "Baseline”
payload for GOES I-M. and will be carried over into GOES-N, although with some enhancement
of the range of particle energies covered by the EPS. It should also be noted that the SXI will
not be flown until late in the GOES [-M serics. The remainder of the requirements in Table
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TABL. 42.3 SAMPLE OF ANTICIPATED GOES-N PRODUCTS *

PRODUCT SUB CATEGORIES

SYMBOL DESCRIPTION
CLOUD PRODUCTS (CP) CP-H CLOUD HEIGHT

CP-A CLOUD AMOUNT
CP-T CLOUD TYPE

TEMPERATURE PRODUCTS TP-P TEMPERATURE PROFILES

(TP) TP-S SURFACE TEMPERATURE

MOISTURE PRODUCTS (MP) MP MOISTURE PROFILES
(SOUNDER)

TROPOSPHERIC MOISTURE
ESTIMATES (IMAGER)

WIND PRODUCTS (WP) WP-C | WINDS FROM CLOUD MOTIONS
WP-M | WINDS FROM MOISTURE
_ MOTIONS
AEROSOL PROPERTIES AP-V | VISIEILITY RELATED (e.g., HAZE)

AP-D DUST STORMS

GENERAL IMAGERY INTERPRETATION (iP)
LIGHTNING PRODUCTS (LP)

VEGETATION PRODUCTS (VP)

SNCW AND ICE PRODUCTS (SP)

F RECIPITATION PRODUCTS (PP)

" THESE PRODUCTS MAY BE PRODUCED IN CONJUNCTION WITH RADAR
MEASUREMELIITS (RM), CONVENTIONAL MEASUREMENTS (CM). {e.g.. SURFACE
REPORTS, R \DIOSONDES), AND OTHER SATELLITE MEASURFEMENTS (SM).
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TABLE 42.3
PROPOSED GOES-N IMAGING SPECTRAL BANDS
VERSUS THEIR USE IN DERIVING EXPECTED PRODUCTS

i I SPECTRAL BAND CENTRAL WAVELENGTH (um) -
== —
I PARAMETER 065 | 09 16 | 39 6.7 73 10.7 12.0 133
1. Surface Temperature and
Lower
Trogospheric Moisture S S S P P
a Day P S S P P
b. Night
2. Convection Intensity o ! s s P P
3 Winds
a Cioud Mations?
(1) Mesoscale
(a) Gay P* S s S P P
{(b) Naght P 3 S P P
(2) Giobal P S P S < P P
b. Moisture Motions S P P S
4. Cloud Properties
a Type P P P P S F s
b. Heigrt P* S p" P P P
<. Amoun® P e~ P
S. Mid Tropospheric Water Vapor S s P
6. Uzpe: ivcospheric Water S P
Vapor
7. Circulation Features and
Imagery inZerpretation P P~ P P P )
(e.g.. Jet Streams)
8. Vegetation P P
9. Snow and lce P S S
10. Soil Moisture S S S P S
11. Fires S e P
12. Precipitation P P S P P
13. Rz xuation Balance P S S S S ) P P S
14. Aerosols (including dust) P* S P S P
P = Primary Use S = Secondary Use

® Stereo
® Stereo at night with 2km resolution
2km resclution at night
* Best cloud motion results will alsc use cloud parameter products
* Low light level data at night
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TABLE 425
SIGNIFICANT ANTICIPATED GOES-N PRODUCTS ASSOCIATED
WITH EACH MAJOR EVENT/USE

(PRODUCTS CODE IS THE SAME AS TABLE 4.2.3)

- ANTICIPATED PROLUCTS
EVENTS/USES n’ TP {[MP | WP [AP]| I e} v ppP ™
SEVERE LOCALSTORMS | x | x | = ' x § x| x | x | x x
TROPICAL CYCLONES X X j ; X X X
EXTRATROPICAL X X X X X X X
CYCLONES . )
NUMERICAL MODELS
e GLOBAL X X v X X X
[ ]
MESOSCALE/REGIONAL X X X X X X
SCALE
REGIONAL SURVEYS X X X X X X X
CUMATE/GLOBAL awue&j X X X
— — -
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TABLE 4.3.1-A
GOES-N CANDIDATE INSTRUMENTS -~ SEM

* WD = Whole Disk
* FOV might be smaller than whole disk

37

INSTRUMENT - MEASURES FOV | SPECTRAL | SPATIAL
- : RESOLUTION | RESOLUTION
Energetic 0.03 to 700MeV/n for p and « 3 channels/ 1
Particle Sensor 30keV to 4MeV for e —_— decade —
Z>3 particle fluence
Magnetometer Ambient vector field _— -_— _—
Full-Disk X-Ray | 0.5-4A, 1-8A solar brightness | WD* | 0.5-4A band WD
Solar X-Ray X-ray images > 8D 5 x 5 arcsec?
1.5R,

Local Plasma Charged particle fiux -15 chiannels TBD
EUV Average =UV brightness WD T80 WC
Spectrometer
Solar Solar vector magnetic field WD+ | TBD 2 x 2 arcsec®
Magnetograph
Hx Imager H« Images WD+ | 05A 1 x 1 arcsec?
Radio Beacon N/A N/A N/A N/A
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4.3.1, ic, the EUV Spectrometer, the SVM/Hal and the Radio Beacon TEC, were classified as
potential improvements to the SEM, with final sclection and determination of funding to be
deferred until after completion of the study. Following the format established in the "Guidclines®
for the imager and the sounder as to cure requircments, options, and enhancements, the Study
Tecam identified the first four instruments as “core”, and thc remainder as “options®. The
performance characteristics are preseated in Tables 4.3.1-a and 4.3.1-b.

4.3.2 Discussion
43.1.1 Requircments Met by GOES-1

The requirements listed above for the maractometer and the full disk XRS are unchanged from
the specified performance for GOES-I. Because the existing instruments are expected to mect
those requirements, no cffort has been devoted to alternate instrumentation approaches. It has, of
course, been necessary to coasider system level impacts of these requirements, such as the level of
magnetic interference unposed by the spacecraft for the magnewometer, and provision of
appropriate FOV and pointing for the XRS. The magnetometer monitors the progress of
geomagnetic activity from the vantage point of geosynchrou. s orbit for correlation with ground
magnetic activity and for input to operational field models which include the effects of
magnetospheric curreat systems as well as the solid earth. It also provides the local magnetic
coordinate frame-of-reference for energetic particle activity. The XRS provides the primary
means of monitoring and classifying solar x-ray activity, and provides significant data to NOAA's
long range solar-terrestrial forecasting capability, because it often provides the first detectioz of
solar flare onset, even when ground based observatories are clouded over or at night. Flare
intensity and duration are related (o coronal mass cjections, and, thus, the real-time moaiton.., by
GOES is important to the prediction of possible solar particle and magnetic storm activity at ez::h.

4.3.1.2 Enhanced Requirements for Earth Environment Observations

The EPS, Low energy Plasma Sensor (LPS) and Radio Beacon TEC jointly monitor several
parametsrs of the particle environment as ordercd by the carth magnetic field. The EPS
requiremeats are similar to those for the GOES i—M program, but the rang= of observations has
been considerably expanded. The lower end of the energy range for proton and alpha particle
observations has been moved from 0.8MeV/nucleon to 30keV/nucleon. Similarly, the lower
energy cutoff for electron vbservations has been moved from 0.5MeV to 30keV. The heavy 1ca
(Z>3) channels are not monitored on GOES [-M. The EPS provides continuous data to monitor
solar and geomagnetically trapped radiztion important to ionospheric etfects 2~ well as radiation
hazards to operating spacecraft, astionauts, and high altitude aircraft. The extension of the range
of electron energies will be particularly useful in understanding and monitoring the causes of
"deer diclectric charging” and surface charging of spacecraft systems.

The LPS is intended to monitor the low cnergy range of particles respoasible for many of the
instances of spacecraft electrostatic charging which have plagued geosynchronous and ncar-
geosynchronous orbiting satellites with operational anomalies and, in some instances, damage or
outnight failures. Its availability on multiple geosynchronous satellites will provide data important
not only to thc hos: spacecraft but tc any geosynchronous spacecraft at ncarby longitude stations.
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Ultimately, NOAA hopes to use these data together with other opcrational data to be able to
extrapolate knowledge of the particle radiation environment and magnctospheric properties at any
geosynchronous satellite Jocation.

The requirement for the Radio Beacon is also new with GOES-N, althouzh it has for years been
high on the list of prioritics for enhancement of SEM observations on GOES because of its
potential contribution to monitoring the state of the ionosphere and its cffects oa radio
communicat:on. The United States Air Force (USAF) has, however. implemented the capability
to monitor this parameter with the Global Positional Satellite (GPS) system, largely supplying the
data NOAA neceds for ionospheric monitoring. As a result, the priority for this addition to the
GOES-N capability is reduced.

4.3.13 Enhanced Requircments for Solar Observations.

Addition of the SXI, the EUV, the SVM/Hal capabilities to GOES-N would result in a2 dramatic
increase in the solar observation capabilities of GOES-N relative 10 curreat spacecraft. The SXI,
SVM/Hdl, through their ability not oaly to monitor more parameters of solar activity but to map
the iocation oa the sun as well, will improve significantly the accuracy with which NOAA
forecasts the terrestriai effects of solar activity. The EUV spectrometer would provide an
otherwise unavailable monitor of the electromagretic radiation respoasible for upper atmosphere
heating important to prediction of the effects of atmospheric drag on spacecraft orbits and lifetime.
These data are also important for monitoring atmospheric and ionospheric activity affecting radio
propagation. Archival of the data from an expanded set of GOES observations would also
provide a valuable coherent data base for study of long term solar variability.

The SXI has been ideatified by NOAA as an operational (core) requiremeant, and will in fact be
developed and flown on a later spacecraft in the GOES [-M series. The other instruments are

identified as potential enhancements, pending identification of sponsoring agencies and funding
availability.

44  Data Collection Systems (LCS) Requirements (Table 4.4.1)

The study requirements were to define options for locating sources of interfering signais in the
DCS channel bandwidth and for increasing Data Collection Platform (DCP) data rates and channel
capacities.

45 WEFAX Requirements (Table 4.4.1)

The study requirements were to determine the impacts on the spacecraft, = ground system and
WEFAX receive stations of adding three channels in the WEFAX band to the existing analog
channel. The new channels are a sccond analog WEFAX channel, a digital WEFAX ctannel
operating at 19.2kbps, and a 50kbps data channel (termed the NOAA port). An additional
requirement was to determine the impacts to the spacecraft of operation during eclipse periods.
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4.6 Scarch & Rescuc (S&R) Requirements (Table 4.5.1)

The study requirements were twofcid. One was to determine the feasibility of eartn locating
406MHz Emergeacy Locator Transmitter/Emergency Position Indicating Radio Beacon
(ELT/EPIRB) distress signals from geosynchronous orbit (o an accuracy of 20 kilometers or
determine what accuracies are feasible. The seccond was to define the ground system requircments
¢ receive and process distress beacons relayed through the spacecraft and to interface with US
Missioa Coatrol Center (MCC).

4.7 Products, Process and Communications Requirements
The requirements were 10:

° Study ground system operations including staffing and skill levels

° Determine impacts on telemetry and commaad processing of the orbit and attitude coatrol
system
L Determine the impact of new instruments ard improved 'mage navigation/registration on

instrument downlink data rates and processing

° Assess the tmpact of new products and neir timeliness on the GOES Variable data format
(GVAR), processing requiremeats, and required user ground equipment

° Determine the impact of new instrurients receiving and processing equipment at the
Satellite Operations Control Ceater (SOCC)

° Estimate the impact of new instrumeats and additional WEFAX channels on Command
and Data Acquisition (CDA) transmit and receive equipment and the telemetry and
command system

438 Global Change Measurem:nt Requiremeats

Meeting future global change ‘equirements (cf., Section 4) is likely to become an increasingly
important aeed for all future satelliie systems. No specific global change requirements were
formally proposed in the GOES~N study. However, worldwide future geosynchronous satellite
information could have a ‘najor role in satisfying global change requirements. In general, most
diumal measuremeats ar: best made by geosynchronous satellites, and the many positive
charactenstics of viewiug the earth from this orbit could lead to the extremely accurate and timely
derivation of many geophysical parameters.

Previous quantitative globzl change requirements have been presented in NASA documents (e.g.,
Propased NASA Contribution to the Climate Program). A substantial effort to update the
requirements has bon part of the EOS program. Table 2 in the EOS Observing System Science
and Mission Requirements Working Group Report, Velume I, 1984 provided a detailed list of
global chang: observational neeus. The list was presented by parameter accuracy, spatial
resolution, and observation frequency re-uirements. Often, requirement ranges were given,
especially for accuracy which was divided into “desired” and “required” cate,ories.
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Tablc 4.6.1 is a subsct of Table 2 in the EOS report for those parameters that can be . 1casured
from geosynchronous orbit. It contains more than half of the parameters listed in Table 2. Table
4.6.1 shows the accuracy, spatial resolution and observation frequency requircments. In a few

cases (e g., vegetation identification) the accuracy requirements have been changed into units that
arc morc familiar.

The GOES-N program could meet ali of these observational frequency requirements. It could
make strong contributions to the measurements of wind, surface temperature, clouds, snow,
radiation, temperature, and moisture profiles and lightning
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5.0 DEFINITION OF TASKS 1, 2, 3A, AND 3B AND THE GOES-7 REPLICATION TASK

Task 1 was assigned to determince the cost of replicating GOES 1-M in the GOES-N time frame
(circa 2000). This task is intended to cover the NOAA option of essentially extending the
GOES I-M serics should circumstances or budgetary coastraints warrant such a accisin. The
current GOES [-M system was thoroughly analyzed with assessments made relative to needed
expenditure increases or decreases based on a large vanety of cost-influcacing paramecters. A
description of the analyses, assumptions, and the logic vsed to construct the recurming and non-
recurring oost estimates is containad in Volume HI of this report.

Task 2 was aefined as a feasibility study of candidate modificativas to the GOES [-M systera that
would result in efficiency improvements or cost reductions. The modifications were to be
conceived, described, evaluated, and ranked in priornity order based oan a complex formula that
included science and other beaefits accruable from implementation of the proposed items. The
associated studies conducted resulted in quantified asscocmeants of the nisk and cost of
implementing the modifications together with schedule impacts, if any, and value of the changes
relative t0o NOAA science requirements. The results of Task 2 are sunmanized in Sections 7.1
and 8.0. Costs associated with Task 2 are coctained in Volume HI und=r the Option I heading.

Task 3A comprises determining, describing, evaluating, and ranking; a number of changes to the
GOES I-M design that wil! result in satistying the 1983 NWS r2¢.urements not included in
GOES !-M design specifications. The "changes® were deemed appiicable to instrumeants,
spacearaft subsv:: s, and systein clements including the groucd system. Each candidate change
was evaluated with regard to risk, feasibility, cost, and schicdule impacts in addition to benefits to
NOAA mission objectives for GOES-N. Effects of cach chang= ca each NWS 1983 requirement
were carcfully determined after detailed analyses were -or.vleted. The cost of each proposed
design change is included in the cost matrices containes . Yolume I of this report.

Task 3B is exactly the zam= 25 Task 3A with the exciotion th:: the requirsments criteria used
were those st.pulated in the 1989 NOAA requirements doourient, previousiy rcferenced. The
procedures used for the analyses and assessments are the saaic os these used for Tasx ZA. Cost
results due to these design changes are reflected in Volume I'l ender the Options I and 11
headings.

A study to estimate the costs of replicating GOES-7 in the GOES-N tin.c frame, fundeg in

December 1999, has becn completed. Results of the study are coniaines in a separate documert
from the GOES-N Report.
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6.0 STUDY APPROACH
6.1 Task 1 Approach

Task 1, the estimated cost of replicating GOES !-M in the GOES-N time frame, was a direct
financial analysis pe:formed by the AMAO and the RAO. Task 1 is a completely stand alone
study, not related via ontions, o Tasks 2, 3A, or 3B. Task 1 was reported scparaleiy in a
mcmorandum dated October 18, 1989 from RAO/C. L. Frycr wo Code 402/T. Karras, subject:
GOES-N Task 1 Cost of GOES-], J, K, L, M in the GC;’S-N time frame. This memorandum
references and contains two prior memoranca, dated Seprember 18 and 22, 1989, from
RAO/C. L. Fryer to Code 402/T. Karras, same subject, aad an update.

6.1.1 Resources Analysis Office (RAO) Capabilities and Role in Task 1

The goal of the RAO is to provide .dependent assessments for proposed new starts based on
missioa parameters and management plans. RAQ provides resource estimating services to flight
projects through-at the ceater. Parametric cost analysis is the method by which estimates are
derived.  RAO develops tools for its st modeling capability and in addition, develops and
maintains data bases of technical performance, ocst, and maapower utilization for all flight
projects. This informatioa is used in cogjunction with estimating techniques to develop various
models for use in resources estimating.

6.12 Goal of Task 1

The goal of Task 1, to estimate the cost of GOES I-M in the GOES-N ume frame, was
accomplished in two major steps. First, 2 modeled estimate for GOES [-M was developed in
1989 dollars. Second, replication costs of GOES [-M were determined. GOES-N cost estimates
were developed n both 1989 and projected real year dollars.

6.1.3 Task 1 Costing Approach
6.1.2.1 Major Ground Rules

Ma;.r ground rules set by the project established the RAO approach for costing. Four of the
ziound rules that were major cost determinants are.

. The GOES 1-M contractor will build GOES-N

° GOES-N is an exaa replica of GOES I-M

° GOES-1 spacecraft and instrument weights were used to cost GOES I-M and
GOES-N

° GOES-~N (first spacecraft) build time frame is January 1995 - December 1998 (four
years); launch ready January 1999
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6.1.3.2 Developed Hypothesis for Modeling Costs

In developing a modeled cstimate for GOES I-M, RAO tested two hypothescs, Mctsat Project and
RAO, to determine the correct build scenanio for GOES I-M. The two resulting estimates from
the hypotheses were compared (o cstimated total cost derived from actual expenditures.  The
hypothesis which generated costs closest to the estimated total cost for GOES 1-M was considered
to be the correct build scenano and was used to model GOES I-M and subsequenly GOES-N.
The two buiid scenanios that RAO tested are in Table 6.1:

TABLE 6.1 GOES I-M

¢§PACECRAFI' . I L on'Se ol e o PROJECTS I
f:":; SEQUENCE = |~ mvmm-:sxs ’_= ” HYPOTHESIS ~
FIRST NEW DESIGN NEW DESIGN
SECOND MINOR MODIFICATION RECURRING UNIT
THIRD MINOR MODIFICATION RECURRING UNIT
FOURTH MINOR MODIFICATION RECURRING UNIT
FIFTH MINOR MODIFICATION RECURRING UNIT

i TR g N

% IMAGER ‘& SOUNDER . -| i*- RAO’S HYPOTHESIS : | -PROJECT'S HYPOTHESIS

FIRST NEW DESIGN NEW DESIGN
SECOND RECURRINT UNIT RECURRING UNIT
THIRD MINOR MODIFICATION RECURRENG “INIT
FOURTH MINOR MODIFICATION RECURRING UNIT
l FIFTH MINOR MODIFICATION RECURRING UNIT

Major differences between the two hypotheses occurred in the second through fifth builds for both
spacea aft and imager and sounder. RAO's hypothesis was derived from the time differential over
which the spacecraft ana the instruments are being built. Technological advances over the buud
time frame and possible problems with unavailable parts will result in minor modifications to the
first spacecraft design, as opposed to being exact ieplicas or recurring units. Sumilarly, for the
imager and sounder, it is RAO's belicf that only the second set of instruments will incur recurring
costs or be an exaa replica of the first, while the remaiping instrument sets wi'i experience minor
modifications due to technological advances and unavailabie parnts.

On the other hand, the Projects hypothesis assumes that the second througa fifth soacecraft and
imager and sounder will be exact replicas of the first.

With the cerrect buid scenano for GOES 1-M, RAO was able to determine replication costs for
GOES I-M and consequently a modeled estimate for GOES-N.
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0.1.3.3 Developed Estimated Total Cost for GOES I-M

Estimates gencrated by the two hypotheses were compared to the estimated total cost derived from
project actual expenditurcs in order to determine the correct build scenario.  The estirated total
cost was derived from three sources: LAS, the METSAT Project and RAO. LAS actual
expenditures plus its estimates to complete was lower than the Mctsat Proiect’'s POP (Program
Opcration Plan) totai estimate to complete, so the difference between the two was added tc LAS
estimate to calculate the project estimated cost. Because these amounts represent costs prior to
the July 1989 stop work order on GOES-K, L, M as a result of design problems with the
instruments, RAO added an .dditional allowance to account for these problems. This estimated
toal cost was compared (0 the hypotheses in order to determine the correct build scenario for
GOES I-M.

6.1.3.4 Modcled Costs for GOES I-M and GOES-N

With the correct build scenario, RAO was able to model costs for GOES I-M; replication costs
for GOE> [-M; and subsequently costs for GOES-N. Coatingency for medium risk was added to
the estimate to account for unknown problcms and model it. A build schedule was developed for
GOES-N and costs were spread in real year doliars.

6.13.5 Past GOES Cost and Weight History

To verify cost validity, RAO reviewed the cost and weight history of past GOES programs and
developed a dollar per pound cost comparison.

6.14 Task 1 Results
6.1.4.1 Selected Most Realistic Hypothesis

A comparson " modeled costs based on the two hypotheses, Project and RAO, to the estumated
total cost based on actual expenditures for GOES I-M indicates that the RAO-hypoth:sized build
scenaiio is the more realistic. Modeled costs based on the Project hypothesis urderestimaie actual
exnenditure by approximatzly twenty percent, whereas modeled costs based on the RAO
hvpothesis overestimate actuals by approximately five percent.

£.1.4.2 Estimated replication costs

Having modeled costs for GGES i-1A, replication costs for GOES I-M in the late 1990s were
casily determined. Stated ground rules whick resulted in a cost savings for GOES-N were:

) The same contractor builds GOES-N as is c:rsently huilding GOES I-M
o GOES-N is an exact repiica of GOES I-M
° GOES-! spacecraft and instrument weights aic uscd to model costs for GOES-N

Modeled costs for GOES-N with five (5) spacecraft predict a cost savings when compared to
GOES [I-M. This savings is due to “he fact that there are no new design costs for the first
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spacccraft and sct of instruments. There are no new design costs because of the stated ground
rule that GOES-N is to be an exact replica of GOES 1-M. However, RAO did factor in
substantial design modification costs for the first spacecraft instraments due to the fact that
GOES-N will be a new contract and is scheduled to start ten (1C) years after GOES-I stasted. It
is highly unliikely that GOES-N will not benefit from the technology advances that will have
occurred over the 10 year interval. Had GOES-N beea part of the same contract as GOES i-M
and had it been built concusrently, then the savings would probably have been greater.

6.1.43 Comparison of Past GOES Projects (o GOES I-M and GOES-N

A comparisoa of the dollar per pound ratios of GOES-I through M and GOES-N with the same
ratios for GOES-2 and 3, GOES—4, 5, and 6 as well as GOES-G and 7 (GOES-G never
achieved orbit due to a launch vehicle failure and did not receive a numerical designation) shows
ciose correlation, an indicator of the validity of the GOES-N modeled cost estimates.

6.2 Traaslation of Tasks 2, 3A, and 3B to Optioas 1, II, and Ol

NOAA requirements for GOES-N were analyzed, as described in Section 4.0 above, with cach
requirement categorized as "Core”, "Opuonal®, or "Enhanced.” (Figure 6.1)

6.2.1 Recommended Studies

For each requiremert, one or more specific studics were recommended as being necessary. These
are listed in alphabetical order in Table 6.1 and defined in detail in Appendix 6A. Some of the
studies were applicable, or respoasive to, more than onc requircment The resources required to
do each study were translated into civil sesvice (or contractor)staff mo~ths. Table 6.2 shows the
stafi months required for each of the studics described in Appendix 6A.

622 Swudies ranked in priority order, based on "values”

After each study was conceived, labeled, and deccribed, it was subjected to an analysis procedure
that involved: (Figure 6.2)

1. Designating cach ..udy as an "improvement modification” (Task 2) or a “"design change”
applicable to Task 3A or Task 3B (Figure 6.1)

2 Determining for each study the nisk associated with implementing the proposed
modification or design change, and a qualitative estimate of the schedule required to effect
the modification or change. Each of these parameters was given a value ranging from 10
to 1 or 1 to 10 as applicable for comparison purposes. In addition, at the same time, the
"value” (1-10) of each item relative to the affected NOAA requirements was stipulated.

3. Next a "tall pole™ assessment was made based on nisks, estimated costs, and schedule
impacts.

4. A "payoff™ value of each study was calculated as a function of the “value”™ of each change
0 satisfying a NOAA requirement and its associated "tall pole”.

5. A “study benefit” was then calculated by comparing the “payoff value™ with the assessed

effect of the charge on each NOAA requirement.
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6. A parallel "scicntific benefit® was also derived Ly co.paring “tall poles™ with the asscssed
value of cach NOAA rcquirement.

7. The "study” and “scientific” ber zfit valucs were combined to establish a priority ranking
for cach of the approximately ‘0 studics.

The priority rankings compared with total resources constraints were used as a basis for selecting
the studies which would bc accomplished (Table 6.3) within the scope of the GOES-N Study.
The list was preseated to NOAA officials and adjusted to satisfy NOAA requests.  Resource
limitatioas forced a corresponding shift of studies to or from the "done” category (Table 6.2).

The unfunded studics are listed i Table 6.4. (The funded and unfund~d studies are also shown in
priority order in Tables 6.3 and 6.4.)

After the lst of recommended studies was finalized and agreed to by NOAA the accomplishment
of the studies was indicated via analysis (for spacecraft, imagers, and sounders) and surveys (for
DCS, WEFAX, S&R, and giound systems). It soon became apparent that the bulk of Tasks 2,
3A, and 3B could be satisfied by three space system configurations defined in Section 7 and that
the proposed modifications and/or design changes could be simultaneously linked wiih basic
NOAA requiremeats 2nd oac of the threc specific combinations (options) of spacecraft,
instruments, and launch vehicles. The three spacecraft systems were labeled Optioan I, Option II,
and Option 111, respectively. Figure 63 shows the relationship of the NOAA-assigned Tasks 2,
3A, and 3B with the GOES-N study generated Options I, 11, and IIL

Table 6.5 is a matrix showing the spacecraft, seasors, and launch vehicles as functions of the
three options. The "baseline® system refers to the GOZS [-M bus and payload with minor
additions or improvement modifications included. All options satisfy more requircments than
expected from GOES I-M.

The study was subsequently conducted and completed on the basis of Options 1, 11, and III. The
configuration selected for Phase-B is expected to be a NOAA selected hybrid of these options.

Each of the three options was subjected to a formal cost estimate analysis with the izsults shown
in Volume IIl. The cost estimating procedure used for each option closely paralleled that used for
the accomplishment of Task I (Section 6.1). The approach for the study included separate efforts
to:

Derive recommendations for future studies (Section 8).

Determinc additional studies deemed needed as the study progressed from its inception.
Prepare for supporting follow—on phases of the GOES-N program (e.g., Phase-B).
Prepare recommendations for rescarch where study results show they are needed.

55



4

SNOILONA3Y LSOO ? SINIWIAOHINI AONIIOIZI3 WILSAS » _

ZHHAONLS

£ NSVL
S310NLS 031V13Y ZMSVL e 3INQ3IHOS ‘a3LSOD
SLN3WIYINO3Y QIONVHNE [
GNY “YNOILLIO ‘SHOD + S3IGNLS LNSWIAQHJNI 'a3141LN3QI S3IANLS
L
nﬁ
T 1
SLNIW3HINO3Y SIN3W3YIND3Y SIN3WIYINO3Y Q3ZAWNY
— ] <€—| SININIHIND3Y
A3ONVHN3 TVNOILAO 3400 VVON
_ 3137dW0OD S3ISATIVNY (L MSYLD) LSOO
S3LVYWILS3 < OVIY NOILYONd3Y
1S00 ® OvY -1 S309

S31aNLS/SLNINIHINOIY YVON

1'Q einbi4

56



TABLE 6.2 LIST OF GOES-N STUDIES’

P s  STUDY DESCRIPTION (™)
60 1 sC1 MAGNETOMETER 30
15 2 sC IMPROVE EARTH SEN 40
9 I~ o SIM STA/MSE KEEP 16
Q 4 SCe 7 YR LFINC FOR NO N-S STA KP 30
n 5 SCs ELIM 3 DEAD SCANS 10
«© 6 SC5 CHANGF MOM WHLS (DRP LMD) 10
S0 7 s GRND TRANSMITTERS 40
65 8 sC3 STORE SPINNING 40
68 9 SO ADD COMPUTER 40

2 10 SC10 USE INERTIAL REF UNIT 40
48 11 scu S/C FLIP 180 deg 36
9 12 SC12 MOM WHEEL (MW) TACAOMETER 40
] 3 Sp1 SOFT WHL MOUNTS 40
41 14 S MOM WIITS, (MW, CY'N BALANCE 10
17 ’ SS1 INCHWORM OO REGIS 20
10 16 SS21 CENTER IR DET 20
45 17 SS22 I-K SNDR CH-CH REGIS
s 18 SS31 DAY/NITE NAV
11 19 SS32 OPS ECLIPSE 01
s 2 SS41 SENSOR POINTING
59 21 SS42 VARIABLE E-W SAMPLE 10
8 2 SS43 COLLOCATE MOTOR/ENCODER
18 B SS4s IMC/MMC BASED ON [RU 30
17 24 S™uS SERVO/2am 3t nadir 220
67 35 S8 STIFFEN STRUCTUR® 15
79 2%  SS52 STRUCTURAL APPROUACHES 40
78 7 3 SYS FMGINEER REGISTRATION 20
16 28 SS6 ADD VIS ARRAY TO SNDR 18
6 2  SS71 IMAGE PLANE IMC 20
n 30 ss72 DIGITAL PROCESSOR 20
s 31 S§73 SNDR NAVIGATION/SERVO 20
6 2 Sss8 RAM SELF TEST 10
a 33 SS9 AUTO-COLLIMATION ALIGN 20
34 SS10 LOW EXPANSION MAT 20
20 35 SSILI FLEX PIVOTS 10
57 3%  SSH2 SERVO CURES 20
6 37 ss113 SEF.VO/Z&m at 45 DEGREE 30
62 38 Ss12 COFF-AXIS OPTICS DESIGN 30
4 39  Ss13 ENCIRCLED ENERGY 20
s 40 SSl14 FASTER IMAGER 40
54 41 SSIS SPINNING IMAGER 40
24 42 ss16 ADD'L IMAGER 18
21 43 $S:..1 NEW SOUNDER 4.0
“ 4 $S172 SENSITIVITY NEW SNDR 40
T

See Appendix 6A
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TABLE 6.2 LIST OF GOES-N STUDIES (continued)

] STUDY

»
[V

Ss18
sS19
$520
Ss2i
sSs»
3823
SS24
$825
826
5827
Ss28
S82¢
5530

£531

A2 2B/ YRYELLYUBLZLEEE IS

R
¢¢y

I3 Y 4S8
: 4

1 & 2
2
:

28 Yo
2
%

DESCRIPTION

19 TO 14 SND CHANNELS

IM STAB €2

CH-QOH REG 14

IM-IM REG €2urs

IM SENSTVTY 1K NEDT

1-K SNDR SENSITIVITY

IM SENSITTV .1K NEDT

U™ SENSITIV 350K MAX

CLOUD SMEAR {02°FINAL)
LARGER SUNSHADE (MIDNITE)
VIS CALIBRATION

NITE VISIBLE

UGHTNING MAPPER

LARGER COOLER (SOUNDER)
SNDR OX4TcMP R FOR NITE
SINGLE PIXEL SOUNDING

4KM SOUNDING

HIGH SPEED SOUNDING

SNDR CROSSTLK <25°NEDT
IM-IM REG 1€t

AMBIENT [R TESTING

HIGH RESCLUTION IMAGING
LARGER COOLER IMAGER
IMPROVED INST REDUN
PIX/PIX REGIS (1uua/34r)

WIDE FIELD TST COLLIMATOR
SNDR VIS/IR REGISTRATION
IMGR GRND NAV/REG RESMPLR
IMGR/ERTH SEN SM BSPLT
DATA COLLECTION PLAT SYS
WEATHER FACSIM BROADCAST
SOLAR ENVIRON MONITORING
PRODUCTS PROCESS AND COMM
STUDY S/C OPTIONS

SEARCH AND RESCUE

GOES N IMPACTS (WORK STATION)
GOES N IMPACTS ON PREDICTION
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(Sm)

05
135
1.0
20
20
40

£ 85

40
40
10
40
20
4"
40
120
20
50
100
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TABLE 6.3 FUNDED STUDIES IN PRIORITY ORDER

STUDY

Ss1t1
$8i7.1

Ss24
S$S16
SS73

826
SWEFAX

$§7.2
SN1
S$845
SS4
$S3.1
5828
SDCPS
SS30
S$S38

SD2
SC4
sepaC
S$S17.2

DESCRIFTION

STUDY S/C OPTIONS

USE INERTIAL REF UNIT
SOLAR ENVIRON MON{TORING
ENQRCLED EN:SRGY

SENSOR POINTING

SERVO/Zan u 45 DEGREE

LOW EXPANSION MAT
COLLOCATE MOTOR/ENCODER
MOM WHEEL (MW) TACHOMETER
CENIER IR DET

OPS ECLIPSE

SNDR CROSSTLK <25*NEDT
SERVO/2km at nadir

LARGER SUNSHADE (MIDN:TE)
IMPROVE EARTH SEN

ADD VIS ARRAY 7O SNDR
INCHWORM CO-REGIS
IMC/MMC BASED ON IRU
LARGER COOLER IMAGER
FLEX PIVOTS

NEW SOUNDER

SEARCH ,° ND RESCUE

IM SENSITIV _1K NEDT

ADDL IMAGER

SNDR NAVIGATION/SERVO
CLOUD SMEAR (.02°FINAL)
CH-"H RES 14

WEATHER FACSIM BROADCAST
SNDR CONTEMP [R FGR NITE
NITE VISIBLE

DIiGITAL PROCESSOR

IMGR GRND NAV/REG RESMPLR
SNDR VIS RSGISTRATION
SINGILZ PIXEL SOUNDING
DAY/NITE NAV

VIS CALIBRATION

DATA COLLECTION PLAT SYS
LIGHTNING MAPPER

IM-iM REG 14pr

CHANGE MOM WHLS (T'RP L.MD)

MOM WHEEL (MW) DYN BALANCE

7 YR _FINC FOR NO N-S STA KP
PRODUCTS PROCESS AND COMM
SENSITI' [TY NEW SNDR

59

(L))

170

40
4.9
20
20

30
2

20
40

20
a1
05
20
15

40
18
20
30
25
10
40
20
30
18
20
23
1.0
20
1.0
05
20
4.0
40
10
03
1.3
4u
03
40
1.0
1.0
30
40
40
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47

49
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TABLE 6.4 UNFUNDED STUDIES IN PRIORITY ORDER

STUDY

5522
ST
59
sSC1'
53

P
~./

S§S1¢
SS36
S$S39
§S15
S544
S$S31
SS11.2

$s21
$S19
SS18

§85.3
$8s.2
SG1

DESCRIPTION

[-K SNDR Q1-C1{ REGIS
IMGR/ERTH SEN SM BSPLT
AUTO -COLLIMATION ALIGN
S/C FLIP 180 deg

SIM STAMMSE KEEP

GRND TRANSMITTERS

FAS{ER IMAGER

HIGH SPEED SOUNDING
AMSBIENT IR TESTING
SPINNING IMAGER

WIDE FIELD TST COLLIMATOR
LARGER COOLER (SOUNDER)
SERVO CURES

IMPROVED INST REDUN
VARIABLE E-W SAMPLE
MAGNETOMETER

HIGH RESCLUTION IMAGING
OFF-AXIS OPTICS DESIGN
4KM SOUNDING

I'MAGE PLANE IMC

STORE SPINNING

RAM SELF TEST

STIFFEN STRUCTURE

ADD COMPUTER

SOFT WHL MOUNTS

IM SENSITIV 350K MAX

ELIM 3 DEAD SCANS

[-K SNDR SENSITIVITY

IM SENSTVTY IK NEDT

IM-IM REG 42ur

IM STAB 42ur

19 T2 14 SND CHANNELS
YOX/PIX REGIS (1ur/3ur)

SYS ENGINEER REGISTRATION
STRUCTURAL APPROACHES
GOES N IMPACTS (WORK STATION)
GOES N IMPACTS ON PREDICTION

60

(SM)

10
10
20
36
36
40
4.0
1.0
190
40
30
18
20
10
1.0
30
20
30
30
20
40
1.0
15
40
4.0
08
30
40
20
30
15
05
00
20
40
50
100
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70 SUMMARY OF OPTIONS |, II, AND Ill AMD STUDY RESULTS

This Scction contains results of candidate improvement studies to satisfy Task 2 requircments;
descriptions of Options 1, Il and lII; and a listing of "Uemet® NOAA requisements. (NOTE:
Option I was derived from Task ¢ ac shown in Figure 6.3.) Ea~h option is further discussed in
terms of payload concept summary, spacecraft configeration and hentage, ground system and
spacecraft communications, risk identification, schedule assessments, and launch vehicle. Cost
estimates for these options are contained in Volume 3 of this report. Results of the Task 1 study,
to determine replication costs of GOES I-M in the GOES-N time frame, have already been
reported to NOAA and are not repeated in Volume 3 of this report.  Results of the 1990-1991
study to determine replication costs of GOES- 7 in the GOES-N time frame wili be issued under
separate cover.

7.1 Task 2 Improvement Studies

The specific Task 2 relaizd recommendation,, based on studies conducted, are:

Speed up sounder alignment (7.1.1)

Pemote alignmeat adjust mechanisms (7.1.2)

Flcx pivot for imager cast-west scanner (7.1.3)

Relocation of the cast-west shaft eacorder (7.1.4)

Positive temperature control of the aft optics (7.1.5)

Imager improvemeats (7.1.6) )
Noisc Equivaleat Delta Temperature (NEAT) improvements (7.1.7)
Optics and focal plane arrays (7.1.8)

Sounder improvements (7.1.9)

When the study team defined the thres options preseated in this report as strawman spacecraft
systems, the concept underlying the Opuon | spacecraft was that of a minimal cost program based
almost exclusiveiy on the GOES 1-M heritage. This imrlies that GOES-N would be virtually
identical 10 GOES-M in 2!l respects, with changes only where cost and efficiency improvements
coujd be made. ihe assumption is, therefore, tha: GOES-M instruments will meet the core
requirements, which in most cases are those urrently specified for GOES~1. There have Loen,
however, some problenis with the GOES-I development, the de facto hentage for this study,
which Jed to broadzning thz Option I concept to allow instrument changes wheire the fundamental
design approach is not changed and where the changes do nct alter ths spacecraft interface, ie.,
power, weight, volume, footprint, telemetry, etc.. The changes te be incorporated were subjects of
many of the study tasks, and so could not be specified until the comrpletion of those studies.
However, as reported i1 this and other sections of this report, they included such things as
relocation of the east-west shaft encodes 10 the moter side of the shaft, a two-point mirror mount,
the uce of optical encoders in licu of inductosyns, the use of difterent structurzl martenals, and
changes which could offer improvement of the signai-to-noise ratio of the instrumeats. Option [
system and payload study recom.mendations are further defined in Sectioa 8.



7.1.1 Spc:d-up Sounder Alignment (Ovtion )

Onc nodification to the GOES-N Option [ system to reduce cost would be to reduce the time to
manufacturc 3 filter wheel sounder. A significant amount o time is speat in alig...  and
adjusting the optical conf:guration of the infrared system in the sounder. Figure 7.1.1-1 shows
the scunder optical system layout. The present alignment approach for the Infrared (IR), after the
ficld stop plate, relay optics, and detectors are mounted oa .+ cooler patch, requires adjusting the
physical positions of the twelve IR detectors so that a signal cun be detected. A collimated IR
image of a slit, or knife edge, is scanned through the FOV and - 1¢ relative locations of the twelve
ficld stops determined by observing the detector outputs as the {cld stop images are relayed oato
the detectors. Adjustment of the fold mirrors and beamsplitter angles and locations, and moving
the ‘hree focu_ng lenses, are used to bring ¢ : four sounding “beams” in each of three spectral
regicas into co-registration. Finally, the signals from the detectors are maximized by positioning
the detectors so as o intercept the maximum amount of the vignetted beam, completing the IR
alignment procedure. This is a slow prceess oftea requiring many iterations if the specified co-
registration of the bands is to be achieved A preliminary coacept has been developed as part of
the GOES-N Task 2 studies ttat may significantly reduce s~me of this alignmeat effort.

The concept is to align the optics in the scunder to set the magnification, focus and co-register
the four sounding beams in cach of the three IR bands, before "peaking® of the IR detectors, by
using the collimator and an imaging IR detection system to “look” at the field stop plates. Since
the field stop plate of the sounder, (Figure 7.1.1-1) is almost in focus for objects at infinity,
photons emitted or reflected from the fizld stop plate will exit from the scvnder in nearly parallel
rays. The collimator will bring t.cse r:vs to a focus and generae an 1mage of the field stop plate
(Figurs 7.1.1-2). One of the ficld stop p:ates can be cbse.ved and its size and locatior measured
by viewing this image with an infrz-2d detection system through a nariow spectral fiiter,
corresponding to one of the filters in one of the three speciral regions. By changing the spectral
filters the other two field stop plates can be observed. Thus, the information needed to adjust and
validate the focus, magnificaticl, and co-registratioa of the bands can be acquired. During this
process the filter wheel should be siopped with or.e of the larger spectral bandwidth filters in the
path.

The ficld stop plate is too cold to allow casy observation using cmitted photons. The system
would be configured using ar illuminator and beum splitting svstem in the back or the collimator
to provide the reflected photons that will be observed (2A on Figure 7.1.1-2). It ma, be desirable
to have a spectral definir g filter in scries with the illuminator before the beamsplitter to minimize
the observation of the ¢ i.cr bands. One cpproach would use z field stop plate with a surface that
has a highly directional reflectivity, but not a rrirror, 50 as to maximize the retun of photoas back
towards the source at angles that will go backwarus through the sounder optical system. A
material with a different reflectivity could provide a center marker and the apertures will look
“dark" because the pnotons going through them will tead to be absorbed in the cetectors, or not
reflected back to the collimator. An altemative wculd be to put a small set of flyable reflecting
tags on the present {ield stop plate that would allow determination of the alignment and pernaps
provide a larger retum signal. The infrared imaging system at the back of the collimator could be
an image planc scanner or could be a small set of detectors that will “scan™ by moving the
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soundcr's pointing mirror using it's !mage Motion Compensation (IMC) inputs. This alignmeat
scheme will experience a large taroughpt i0ss because of the two way beam path; ie., from the
source through the optics to the aperture plate then back through the optics to the detector.  This
should not posc a problem since a high intensity source can easily be provided for this type of
test.

A detiiled optical analysis is required to establish the desired optical properties of the field stop
plate for thi. operation and the ffect of this change, if any, oa the performance of the sounder.
An analysis of the required souice intensitics and the sensitivity required in the IR imaging system
to be located in the back of the lollimator is nceded to determine the time required to generate an
image of the field stop plate, and thus the actual feasibility of this concept.

7.1.2 Remote Alignment Adjust Mechanisms (Optioas il and III)

Setting the alignment of the several focal planes of the GOES-I imager and sounder to the
required co-registration accuracy has provea *~ be a difficult task, principally because the use of
the beach cooler for the IR alignmeat produces stress on the vacuum housing which appears to
cause significant displacement of the visible chanrcis with respect to the IR, and even to some
extent among the IR channels themsslves. As of tuis writing, the final accuracy of the alignme-t
procedures has still not beea der.onstrated.  Final alignmcat at instrument thermal vacuum level is
desirable so that, because the entire instrument is at vacuum, the minimum mechanica' stress is
applied to the '»>~num housing. Remote adjustment mc. ~iems (and alignment detection) are
req-ired. Such mechanisms have been recommended for the aavanced imager and high resolution
sounder to provide in—flight adjustment capabiiity to better meet the stringent co-regisuation
requirements iraga ced on those iastruments. The mechanisms and the need for in-fight
adjustment are disc. se¢d in more detail in Section 9.5.2.

7.3 Flex Pivot f~- Imager East-West Scanne: {Dptioas II and III)

Of all moving mechanisms involveu n the GOZ  -M instruments, the beanag assembiy tor the
Imager cast-west scanner has dy far the niost cumulative trz | over the mission lifetime of five
years. decause of the two axis scan impiementation, this bearing assembly must endure

appro. mately 2 x 10° times the total va.. _ the north-south bearing assem. v on the GOES-7
VAS, and is still subject to the problems associated with smali scan excursion, wherein the balls
never completety tuin over and the ball tracks do not overlap in the races. In view of the
difficulties experienced with the Visible Infrared Spin Scan Radiometer VISSR/VAS irstruinents,
quaiification and life test of the GOES-I beanygs have been of great concem throughout the
instrument devalopment cycle. R-~vettably, mission suitability has not been demonstrated, even at
this late date, and such demonstratuon ts difficult in any case because of the necessity to properly
account for flight loads .n the bearings and to accurately accelerate the life test.

This type »f small angie, extended life cycle motion has in the past bzcr accomplisbed with great
success by flex pivots, essentially small flai springs supporting the moving structure. For snitably
small angle motion, these devices have cssentially unlimited life. The pivots are sometimes
excitea rear their natural frequenc 1o incuce harmonic motion, with amplitude and phase control
of the motion, but also may be used as "bear.ngs™ it a position control servo loop similar to the
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GOES scan mirror drive. We have found no prior application +hicn required the accuracy and
lincanity with which the scan angle must be controlled ane mer. sez. for GOES-N, though similar
ultimatc scan accuracy was achicved through ground resamixs-  «” thc Thematic Mapper (TM)
data. The flex pivot with motor encoder drive has b~ a s -« i~3, ad appears promising although
further analysis and a proof-of-~oncept test model v.ou’d oc¢ required to demonstrate
compatibility with the very high accuracy shaft encoder needed. The study results are reported in
further detail in Section 10.

7.1.4 Relocation of the East-West Shaft encoder (Option LI)

Studies of the efrects of relocation of the east—west shaft encoder and incorporation of a two point
mimo; mount were carried out with (surprisingly) negative results; i.c., the changes considered did
not improve the pointing performance of the instrument scan..er. The optical encoder trade siudy
(10.42.2.1.2) produced more positive results, but based on significant non-recurring costs, this
modification was deferr>d to the Option II instrument. The redesign of the structure using low
temperature coefficient materials (10.4.1.3.1) offers significant improvermeats in pointing
performance, but violates the guideline that the Option 1 instmment is to be essentially the same
design concept as GOES-I. This modification is deferred to the Option Il imager. The studies
have identified the focal planc temperature as the principal driver of signal-to—noise performance.

7.15 Positive Temperature Cor.trol of the Aft Optics (Option [

Onc modificetion which is recommended and not incorporated curreatly in the SOFS I-M
program is positive temperature con’zol of the aft optics. This change could be incorposited with
likely negligible impact to the spacecrait interface, and may ultimately be required to approach the
specified performance requirements for channei-to—channel co-registration.

7.1.6 Imager i — Improvements (Option I)

Figurc 9.1.1-1 shows the general instrument arrangement of and important spacecraft interface
information for the Option I unager. Although ta: concept had been to maintain the spacecraft
unterface unchanged, the weight allocation allows modest growth cver the GOES-] instrument to
accommodate the changes reccommended. The remainder of thie information in Figure 9.1.1-1
refiects the status of the GOES-I imager.

7.1.7 Noise Equivalent Delta Temperature (NEAT or NEDT) Improvements (Options I, I, and
)

I-:provenent of the NEAT ior the imager through lower focal plane temperature should be
achievable in Option I by changing the surface finisn of the Astr..nast boom to a specular, low
emissivity reflector. The analysis by ITT and venfied indenpendently for this study slows that
this change alone results in 2n operating temperature advantage of nearly 10K to a control
temperature cf about 92K for either the imager or the sounder. Performance modeling for the
imager in this report has beer done only at the 85K control temperature we expect for Options (I
and llI, but for the detector noise himited performance exnectea, the 52K ccntrol temperature
would result in improved NEAT at all wavelengths, potentially by a factor of three relative to
GOES-1.
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7.1.8 Optics and Focal Planc Amrays (Option I)

The optics and focal planc arrays 1or the Option I imager arc ideatical to the GOES-I imager.
Collected light is spectrally scparated through dichroic beam splitters and individual filters to onc
visiblc and four IR focal plancs, with dctector arrays in cach focal planc acting as ficld stops. All
individual focal plane arrays are required to be co-registered in object space, placing stringent
requirements on the stability of the complex aft optics. Figure 9.1.1-2 shows the required
supcrposition of focal plane arrays in object space for the Option I imager. The redundant IR
dctectors are realized by wvtilizing lincar detector arrays of four elements (two elcments in the case
of the 8km Instantaneous Field of View (IFOV) channel 3) and oaly utilizing half of them at any
time. The eight visible channels, as in GOES-I, arc not redundant in the Option I imager.

7.1.9 Other Coasiderations

Overall image quality and calibration accuracy can be improved b dc restoring on every available
space look, rather thag at two minute intervals as curreatly done on GOcS-1. This will
significantly reduce the effect of 1/f noise, and is recommended for the Option I imager. The
Attitude and Orbit Control Electronics (AOCE) software must be modified to eliminate
discoatinuities in the IMC signal durin . scan tura-around. It is assumed that this modification
will be incorporated at some point in thc GOES I-M program. It is also assumed that at some
point in the GOES I-M program a stable, full time Cohereat Esror Integrator will be developed.
This may be necessary to achieve within frame registration requirements at end—of-life.

7.1.10 Sound~r Improvements (Ontion [)

In kecping with the concept of the Opticn ¥ spacecraft system as a minimal cost approach to
GOES-N, changes to the spacecraft and instruments from the GOES-I coafiguration are limited
1o those for cost and/or efficiency imyrovemeats and those instrument modifications offering
significant performance benefits without significant impact to spacecraft interf~ces. The Option I
sounder design concept is therefore identical to GOES-M. It is a filter wheel radiometer with
eighteen infrared spectral channels zrranged in three spectral bands oa the filter wheel. Each
spectral band has an array of four cetector channels, each with a nominal 8.66km diameter IFOV
which receive radiation through common spectral filters sequenced in that particular band of the
wheel. One visible spectral channel with four detector channels of 8.66km Ziameter IGFOV is
provided on one scparate uncooled focal plane, and eight 1km square IGFOV star sensor detector
channels are provided on another.

The detectors FOV are scanned over the sceae in object space by a two-axis gimballed mirror.
In order to accomplish the required scunding rate for GOES-I, each sounding must be completed
in 100 milliseconds. The sczin drive related studirs described in Section 9.1.1 which were carried
out with negative reciits for tae unager are cjually applicable to the sounder, t.e. no “¢isy fixes”
for the difficuiues experienced with the GOES-I scanne:s have been iound.

Significant improvement in the sounder to improve the Noise Equivalent Delta Radiance (NEAN
or NEDN) ‘s limited by the fecai plane temperature, which can be significantly lowered within the

concep. of a low cost, mi~*mal impact system by changing the extemal finish of the Astromasi
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solar sail boom as described in Scctions 9.1.1 and 9.5.3.1. The samc magnitude of performance
gain as for the imager can be rcalized through this means, and a focal planc temperature cf 92K
should be rcalizable. Pcrformance has been modeled only at the 85K temperature expected with
Option [I and the <7V expected with Option 111

Co-registration of the sounder channels to the stringent requirements of RO25 remains a major

problcm for GOES-N, as dlSCl.lSSCd in Section 9.4 1.3. n_xs_mmmm:ndcd_maummmd_mmns

Itis dlSO recommcnded as thh the Optlon I unagcr that lhe aft opucs be
lempcraturc stabilized to avoid the possibility of diumal drift between channel centroids in the
various spectral bands.

Major instrument interface requirements for the Option I sounder are presented in Table 93.1-1.
As in the imager, approximrately 7kg of wei;,ht growth in the sounder sensor module relative to
GOES I-M has been allocated to accoiamodate the thermal control and alignmeat modifications
recommended. In all other cases, the specifications are taken from GOES I-M allocations curzcat
at the beginning of this study.

72, Options I, I1, and Il Summaries

Tables 6.5 and 7.2-1 summarize seasor complements, spacecraft candidates, and launch vehicle
classes. Figure 7.2-1 provides some general conclusions with regard to Options 1. II, and M1 that
‘wvere derived from NOAA Tasks 2, 3A, and 3B

721 Option I (Tables 7.2-2 and 7.2-3)
7.2.1.1 Payload Cracept Summary

The concept of the Option | spaecraft system is one of minimal cost and is based on the

GOES |-M system. Thangss to the spacecraft and instruments from the GOES 1-M configuration
are limited to those for cost and/or etficieucy improvements and only those instrument
modifications offering significant performance benefits without significant impact te existing
spacecraft interfaces.

The payloac content for Option [ is depicted in the matrix of Table €.5. It was corfigured nearly
identical to the GOES I-M payload with relatively minor improvements and additivi.s to represen®
the mini— am nsk/cost system considered ws this studv. Many of the improvements referred to in
the Option [ ~onfiguration irclude items that NOAA, the NASA GOES Projecy, an.. GOES I-M
contractor persoanel would include if they "had a cuaace to dc GOES I-M over again". Some of
the items considered may yet be incorporated into the GOES | M program. Beczus» this concept
1ic minimally different from COES [-M, the GOES I-M spac. craft was the only candidatz
cousi”sred for the Option | payload and thereiore. must meet the weight. space, and power needs
of the imiproved pavload. This fact should be kept in mind vecause it is 2 najor driver “n the
limited nature of improvements made to various GOES 1-M hardware components in su.systeats
utilized for the Option I payload. The spacecraft ar 1 its minor modificatics are addressed n
Sectior 7.2.1.2.

~
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Using the Option I column of Table 6.5 as a guide, the first payload item to be considered that (s
different frota GOES [-M is the improved im.zcr. For many reasons (discussed in Scction 9.1.1)
the only imager improvements recommended for this option arc:
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1. Incorporate positive temperature control of the aft optics to improve channcl-to-channei

registration
2. D7 ~restore on cvery available space look to improve calibration accuracy
3. Lew.r the focal piane teraperature to i~rove NEAT by reducing the emissivity of the

.~ ~tromast boom

The general sugg:stions previously discussed in Section 7.1.3 arc also to be considered for the

Option [ improved imager as appropriate. Details of the Option [ imager are contained 1n Scction
9.1.1.

Three minor improvements are suggested for the Option I sounder, two of which are thc same as
suggested for the image1. The improvements recommended (addressed in Section $.3.1) are:

: Lower the focal plane temperature o imprcve the NEAN by changing the extemal finish
of the Astromast solar sail boom

2 L vtwol the tzmperature of the aft optics to minimize dizmal drift bervc2n channel
" L.ii.ids in the various spectral bands
3. ¥« and implement an impisved means of alignment and co-registrat: 1 of the

el Chiuacds

This 1s* )ccommnendat’ ' (discussed in Section 9.4.1.3.1) involves slowing down the filter wheel
speed and increasing settling ti. ¢ between scan mirror steps. Again, as for the Option 1 imager,
the ygeneral suggestions offered in Section 7.3.1 are also to be considered for the Option 1 sounder
as appropriate. Details of the Option T sounder are contained in Section $.3.1.

The final payload i‘ems inat are different fro.= GOES [-M on the Table 7.2.1 list are in the SEM
configuration. Qption I has an EPS whick is improved over the GOES I-M version and carries a
local plasma sensor which is not presently part of the GOES I-M contingent of payload
instruments. The baseline CGOES I-M EPS is modified for Option I by the addition of new data
channels ts extend the range of measurements of protons, alphas and electrons, into lower ~nergy
regions and to add :he capability to measure heavy ions fluence. Thes” measurements vrere
identified by NO.".A as core requirements for GOES-N. ‘The local plasma sensor, a new
instrument to the CCES system, can measure electrons and protons in oruch lower energy regions
than the EPS (i.e., 10eV to 30KeV). Two alternative designs ar= available for this insiriment.
One concept would utilize the NOAA K, L, M satellite series Total Electron Detector (TED) with
appropriate modifications to provide adequate iovk angles. The other concept utilizes a LPS of
the type flown by Southwes: Research Institute and others on several missions. Informaticn about
the improved ©PS and local plasma sensor are found in S:ction 11.6.3 which reiferences
appendicrs contaiming greater deiail.

7.2.1.2 Opiton T ~ Spacecraft Configusaiion and Heritage

The spacecrate sign considered for Option [ is basically the same as the current COES 1-M
whica is she-wn 1o Figure 7.2.2. Lengthy discussions with LAS, the designers and manufacturers
of the GOES I-M spacecraft, resulted in identificatioa of relatyvel * minor mechanical

modiiications that car be made to the basic GOES I-M structure taat would allow an increase in
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payload and additional fucl poteatial of up to 64kg for th= Option 1 improvcments. The
modifications consist, basically, of adding extra skin thickness or stiffeners, to the central thrust
tubc and instrumeat mounting arcas and beefing up many of the truss joints. It was not
considcred necessary (o build an entircly new structure.  The risk to the basic structure design of
incorporating these modidications is considered minimal.

The oaly other Option I change in spacecraft hardware over the GOES I-M design is in the
controls arca. The proposed changes are minimal. They coasist of increasing performance of the
carth seasor, making minor improvements to the imager servo and tightening the momentum
wheel tachometer noise specification. These changes are expected 1o result in improved pointing
and Image Navigation and Registration (INR) performance. The expected performance
improvements due to these modifications are discussed in detail in Section 103.

The resulting Option 1 spacecraft is 3-axis stabilized, with a dcign life of 5 years, and which is
externally identical to the LAS GOES I-M system shown in Figure 72.2. The basic
configuration is a rectangular box with approximate dimeansions of 1.9 x 1.9 x 23m. A single
wing solar array, which rotates through 360 degree every 24 hours, located on the south side of
the spacecraft, has its solar pressmie force balanced by a solar sail on a 16m boorm located oa the
north side. An adjustable tnm tah on the outer end of the olar array wing is used to fine tune
the solar pressure torque agaissi daily varying sun declination cffects. The major carth viewing
instrumeats, the imager ard sounder, are designed to fit in a comer of the spacecraft such that
their optical axes look .orthward wtile their passive radiation coolers look northward, toward the
solar sail. Antennas and othor earth viewing instruments occupy additional space on the earth
viewing panel. SEM instrumeni: required to monitor the sun are attached to a tilt mechanism
mounted on the yoke that attaches ‘he rotating solar panel to the spacecraft body. Intemal to the
spacecraft is a central thrust tube which houses fuel tanks and serves as the basic structure for a
truss network that supports instrument mounts and outside panels. On oae ead of the thrust tube
is the apogee motor mount and the connect/separate mechanism for attaching the spacecraft to the
launch vehicle.

The Option ! spacecraft draws almost all of its heritage from the yet unproven LAS GOES-1. If
GOES-I proves to be a well performing, reliable spacecraft after a reasonable time in orbit, then
the Option I GOES-N spacecraft will be well-founded.

The foregoing brief description of the Option | spacecraft was intended to assist in identifying the
major differences and/or similarities between Option [ and the Options Il and III spacecraft that
are described in Section 7.2.2. and 7.2.3.

7.2.13 Option I - Ground System and Spacecraft Communications

Option I includes only one new instrument, the LPS. The data produced by this instrument would
be transmitted to earth via the Multiuse Data Link (MDL). Since the MDL uses Quadraphase
Shift Key (QPSK) modulation, the SXI data could b¢ transmitted via the [ channel and the LPS
via the Q channel. No changes would be required on the spacecraft. 7 :e only changes required
to the ground system would be at Envirormental Rescarch Laboratory (ERL) for handling the new
instrument data.
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There are a number of poicatial improvements to the GOES 1-M communication system that
should be coasidered. These improvements apply to the Option 1 spacecraft and ground system as
well. Bricfly, they are:

1. Eliminatc the MDL and CDA oa-orbit tciemetry transmitters, multiplexing the data with
the sounder data on the Q channel of the Sounder Data Link (SDL).

2 Eliminate the DCP Respoase (DCPR) transmitters and combine the DCPR band with the
WEFAX signal, reducing intermodulation products in the vicinity of the DCPR band,
which would reduce WEFAX signal Effective Isotropic Radiated Power (EIRP) by less
than 0.5dB.

An additional third change that should be coasidered is elimination of the processed data ricy
(PDR or GVAR) link. This may be feasible if GVAR users can use remapped products
distributed via the AWIPS. The other possibility is to have the AWIPS coatractor distribute
GVAR data.

implemcatation of the first change would require an on-board multiplexer for the SDL, associated
demultiplexers at the CDA, the SOCC, and ERL, and replacement of the MDL demodulators with
SOL demodulators. The second change would require no ground system changes. The third
change would be more radical in that the GVAR processing would be done at the World Weathor
Butlding Data Utilization Station (DUS) instead of at the CDA. In addition, 2 ncew ranging
technique would be needed to replace the ranging signal imbedded in the GVAR signal.

7.2.1.4 Option I - Risk Identification

There are two major arcas where risk is associated: performance and reliability. Performance risk
weights the design adequacy of the instrument:, spacecraft, communications, and the ground
systems (including redundant units) to produce data that satisfy stated requirements. These risks
can be offsct by payload design improvemeats (i.c., include more or different seasors,
channels/bands), addition of complementary/supplcmentary payload instruments and/or spacecraft
design improvements (c.g., stiffer momentum bias systems, thermal inseasitivity). Reliability risk
encompasses productability, operating performance, and longevity of s;ace hardware. This risk
can be offset, primarily, by the usc of flight proven designs, by he addition of redundant units
and data paths, and the use of high reliability and radiation hardened parts. Life testing is also
helpful to improve configence levels. However, reliability of this type must oc built in, not
“tested” 1.

The risk associated with improvements recommended for the Option 1 coafiguration are, by
design, minimal, assuming GOES I-M is a successful program. With the exception of the LPS,
all Option | payload instruments are GOES 1-M instruments with relatively minor
modifications/improvements. On the negative side of risk is the fact that the Option 1
configuration heritage is based almost entirely on a system that has no first generaiton flight
history. On the positive side, however, there is some second generation heritage in the



GOES [-M system from the Indian Satellitc (INSAT) spacecraft and instruments and Television
Infrared Operational Satellitc (TIROS) instruments. Items such as the basic GOES 1-M structure
concept, the Astromast solar sail, solar array design, fuel system design, and overall layout are
heavily rclated to INSAT.

The imager and sounder designs arc based on somewhat scaled versions of the INSAT imager and
the TIROS Very High Resolution Radiometer (VHRR). The local plasma seasor, the oaly
payload item without GOES I-M beritage, is coasidered low risk becausc both of the two designs
proposed have previous heritage. The EPS is a modified GOES [-M design which also has
beritage from previous GOES designs.

While it is difficult to quantify risk because of the fact that the GOES I-M heritage is not yet
flight proven, it can be surmised that the modifications” mprovements to GOES I-M proposed for
Optioa [ will not significaatly change the risk level.

7215 Option I - Launch Vehicle

Even though GOES i-M is planned to be launched on the Adas I launch vehicle built by Geaeral
Dynamics, the GOES-N Optioa I concept would utilize the Atlas II laonch vehicle. This change
is not due to the need for increased lift capability, but because General Dynamics has stated that
the Atlas | launch vehicie will no loager be in production in the GOES-N time-frame (1999-
2000) except for special orders at premium prices. By 1999, the Atlas II is expected to have a
coasiderable flight history and should, therefore, be of minimal risk to the GOES-N mission. The
Atlas [ does provide an additional 340kg of payload lift capability to geosynchronous altitude
transfer orbit.

7.2.1.6 Option | - Summary

The basic premise *nderlying the spaceczaft system concept for Option I is that of a minimal cost
program based almcst eatirely oa the GOES 1-M heritage. Changes to the spacecraft and
instrumeats for the GOES [-M coafiguration are generally limited to those involving cost and/or
efficiency improvements and instrument modifications that offer performance imp-ovements
without significantly impacting the spacecraft interfaces. Even though there is not necessarily a
one-to—onc cormrelation between the Option I concept and the Task 2 study goals, the
recommended Option | modifications include most of the feasible cost and/or efficiency
improvements studied during Task 2.

The Option | recommended modifications to the GOES I-M imager and sounder have little or no
cffect on existing GOES [-M interfaces. Controlling temperature of the aft optics can be done
intermal to whe instruments and their electronics boxes. Lowering the focal plane temperature
requires a different finich on the Astromast solar sail boom; the boom is extemal to the
instruments.

Changes o the spacecraft control system for improved INR performance are all internal to the

earth sensor, imager ser/o0, and tachometer. Changes to the spacecraft structure involve increasing
the thicliness of skins and plates and thickening truss joints.
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The cffect on nsk of implementing all recommended modifications for Option 1 is considered
ncgligible. The level of nisk cannot be quantified, however, uatil GOES I-M is a flight proven
systcm because the Option 1 concept derives cssentially all of its heritage from GOES I-M.

7.22 Optioa Il (Figure 7.2.3)

7.22.1 Payload Coacept Summary

The Option II conc~pt is progressively more improved, costly and complex than Option I but less
so than Optioa IIl. The coastraint of utilizing modified GOES I-M designs for the most part is
abandonced, but a theme of evolutionary improvements is maintained. The resulting Optioa 11
concept incorporates a different spacecraft hus modcled after the Hughes 601, an existing and
scasonced design. The principal system eahancements recommended are:

o Improved passive cooler operation

. Improved INR performance

° Increased sounding resolution

. Lighm .

° Additional refleciance imaging channels

The HS601 coacept is shown in Figure 7.2.4.

Referring to the Optioa II column of Table 7.2.1, the payload items that are different from Option
I are the imager, sounder, lightning mapper (LM), WEFAX, and DCS. Each of these items is
addressed in turn.

Imager changes were limited to those that did wot require the GOES [-M design concept to be
changed. The addition of the two channels (0.86um and 1.65um) specifically requested by
NOAA can be implemented without impact to the cooler design. Modifying the imager to
improve mirror pointing performance will be accomplished by swapping inductosyn mirmror drives
with optical encoder drives and limiting the encoder size to fit in the inductosyn space. This is a
very productive change because of the greater inherent accuracy of the optical encoders. Neither
of these changes causes an increase in seasor dimensions, but the GOES I-M imager electronics
were slightly enlarged to accommodate circuitry for the additional spectral channels. Ferformance
improvemcats gained by operating at a lower focal plane temperature were accompiished for this
concept by completely eliminating the solar sail and by doing a half-yearly 180 degree yaw
mancuver t0 minimize solar incursions on the passive cooler. Further details on the Option 11
imager can be found in Secction 9.1.2.

The Option ii sounder is called the High Spectral Resolution Sounder (HSRS). Its design is not
tied to or restrained by the GOES 1-M sounder concept. It is a Michaelson interferometes which
is based on the High-resolution Interferometer Sounder (HIS) development as proposed by the
University of Wisconsin, ITT, and SBRC for retrofit into the GOES 1-M program. This
particular approach was chosen over others (e.g., Fabry—Perot) because it is better suited to meet
requircmests for coatiguous spectral information over the entire spectrum. Optics size has been
increased by 2 inches to 14 inches as contrasted to the GOES [-M sounder with 12 inch optics.
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Because the Option Il sounder is cooled passively, larger optics wete needed to meet performance
requucements. While considerably improved performance can be attained through the use of are
refrigerator cooler, the Option I sounder was configured with the more conveational passive
design because of its demoanstrated long life. The higher risk refrigeration option was considered
for the Optioa [l sounder. As with the imager, the sounder performance is improved somewhat
by the elimination of the solar sail and the scmi-annual 180 degree yaw maneuver to keep the sun
off the cooler. 1t should be noted that the baseline design approach for the Option 1l sounder is to
sead the digitized interferogram to the ground without in—orbit signal processing. Greater
reliability is realized by ground processing, and the communication system can handle the
required data ratc without a significant downlink power increase. Greater detail on the Option I
sounder is contained in Section 9.

The Lightning Mapper Seasor (LMS) proposed for Option Il is essentially the same instrument
that has been scheduied for flight oa the GOES I-M seriecs. MSFC is managing its development,
supported by the development coatractor, TRW. The procurcment process is through Phase-B,
but Phase-C/D is on hold pending final NASA/NOAA agreement ona which GOES flight the
instrument will fly. The LMS is the first seasor of its kind designed specifically o detect
lightning from a geosynchronous satellitec and locate it in terrestrial coordinates. Its FOV provides
ncarly full-disk carth coverage and it can output lightning data in real time. The LMS also bas a
commandable imaging mode which will be very useful for severe storm tracking. More
infcrmation on the LMS is contained in Section 9.6.

WEFAX is another subsystem in the Optioa II column of Table 7.2.1 that is changed from
GOES I-M and Option L The present system coasists of a single analog communication channel
used to distribute low resolution data products to a number of user stations. The Option Il (and
Option ITI) configuration is changed to add three additional channels, for a total of four. The new
«. nnels are a scoonc analog WEFAX chanael, a digital WEFAX channel operating at 19.2kbps,
and a 50kbps data channel referred to as the NOAA port. The stated purpose of the 50kbps
channe] is to broadcast DCS products from the CDA w0 DCS users and also tc distribute some
NOAA weather products. [his channel will replace a leased Domestic Comnrunications Satellite
(DOMSAT) service, that will replace the dial-up service curreatly in use. An additional
requirement is to have the WEFAX system operate during eclipse r2aods.

Two spacecraft communications system configurations (o implement a full four channel WEFAX
capability were considered. One consisted of separate transmitters for each channel and tric other
consisted of one transmitter for all four channels. Both configurations us¢ a common S-Band
uplink recciver. The four separate transmitter configuration was selected for Option II because e
GOES-I WEFAX power amplifier design can be used directly for each of the channels, thus
minimizing cost and risk. The most notable cffects of this change over Option I system
parameters arc a 14kg increase in spacecraft weight and a 150W greater power consumption.
Additional details on the Option II WEFAX system are contained in Section 11.3.

The final payload subsystem listed in the Option Il column of Table 7.2.1 that is changed over the
Option [ configuration is the DCS. The present system coasists of 200 1.5kHz data channels
designed to operate at a daa rate of 100bps. The Option II (also Option III) system is changed to
accept 300bps and 120Cbps DCP transmissions. The principal change from the Option |
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configuration is a 3dB incicase in DCPR downlink EIRP, from 150 milliwatts to 300 milliwatts,
to provide incrcased margin for the higher rate DCP channcls. Two contiguous 1.5kHz channels
would be needed for 1200bps users. This change shouid requirc very little modification to the
cxisting GOES~I DCPR design. No changes to cither the CDA or the DCP's are required for the
Option 1I changes. Greater detail on the DCS is contained in Section 11.4.

7.222 Option Il ~ Spacecraft Configuration and Heritage

The payload changes for Option Il result in potential weight increases that could exceed the load
carrying capability of both the baseline and modified versions of the GOES I-M spacecraft
structure. For this and other reasoas, a different spacecraft was selected. Some principal
improvements desired for the Option Il spacecraft are:

1) increased payload weight capability (i.c., structural streagth, fuel capacity)
2) thermally and mechanically isolated seasor payload platform (an optical bench)
3) minimai solar pressurc disturbances

A review of cusreat acrospace industry spacecraft revealed that the existing Hughes HS601
spacecraft design incoiporates many of the features desired with only relatively minor
modifications needed to satisfy the GOES-N mission requirements. This design is used as the
basis for the Option II (and Option IIT) spacecraft concept.

The most significant external modifications made to the existing HS601 communication satellite
design to meet GOES requirements were to remove the nadir facing antenana mouating panel and
replace it with an optical bench, and to go from a dual solar wing to a single wing solar array.
The optical bench is a precision pointed platform on which all attitude scasors and the mission
seasors are mounted in close proximity and alignment. The beach is "loosely coupled™ to the
spacecraft body with a three-point support, minimizing loading across the bench/bus interface. In
thclaunchmodcthcopﬁmlbcnchfacwupwa:dinthclaunchvehideshmudpermim'ngthcuseof
long non—deployable sun shades around the sensors’ apertures. When the single wing array is
deployed in space, its panels are close to the spacecraft body to minimize soi.. torques. This
obviates the need for a solar sail which thermally loads the sensor IR coolers. With this design,
there are no obscurations on the north (or cooler) side of the spacecraft.

Intemally, the HS601 bus needs few modifications because it is already structurally able to carry
the full-up Atlas [IAS capability-7500 pouuds. Since it was designed to be a loag life
communications satellite (10 years), the propulsion tanks can carry fuel for 7 years capability even
with the maximum GOES-N Option III payload. Sufficient baitery power to allow full eclipse
operation is easily provided in the existing design. Most o' the internal modifications will consist
of and be due to incorporating the Option II sensor electronics in place of the original payload of
communication transponders and power supplies.

The philosophy used for the Option I (and Option IiI) coatrol system was based on minimizing
risk by using proven technology where possible. GOES I-M designs were not considered to be in
the "proven” category because of their lack of flight experience and heritage from other proven
designs. Therefore, a "clean slate” design approach was used for the Option II and III concepts.
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The recommended control system is inertially refercnced, using very stable gyros and star trackers
to scasc spacecraft roll, pitch, and yaw attitude. Pointing errors from all sources, including mirror
motion, scnsed by the star tracker/gyro system are processed by the attitude coatrol electronics
(ACE) to produce two sets of error signals for control of high and low frequency disturbances.
The low frequency signals are used to control the speed and direction of a set of four reaction
wheels, arranged in a tetrahedron, which are operated in a zero momentum bias mode to coatrol
basic spacecraft pointing. The reaction wheel momeatum buildup is periodically unloaded by
thruster firings. High frequency error signals are used to reposition the imager and sounder scan
mirmors to compensate for the attitude errors that cannot pe followed by the reaction wheel control
subsystem. The operation of this "closed loop” control system results in smaller pointing errors
than the open locp system used on GOES I-M and Optioa 1. Other differences from GOES 1-M
and their contributions to better pointing from the Option II/III coatrol system are:

1) having control system sensors (gyros and star trackers) mounted on the same optical bench
as the mission sensors results in lower jitter error and thermal deformations to be corrected

2) using star trackers instead of earth sensors for refersnce reduces errors (e.g., due to clouds)

Whereas the current GCES I-M control system elements have never been uswd in applications
requiring pointing performance as stringent as desired for GOES, the Option II/III elements are
based on designs utilized for many of Goddard's high precision pointing spacecraft such as
International Ultraviolet Explorer (IUE), Solar Maximum Mission (SMM) and Landsat.
Implementation risk should therefore be lower with the recommended system. More details on the
Option 11 control system are in Section 10.4.

The resulting Opiion Ul spacecraft is shown in Figure 7.2.5. It is 3-axis stabilized with a seven
year design life and ic a derivaiive of the Hughes HS601 series. The basic bus configuration is a
cubic box with approximate dimensions of 2.4m per side. This bus is highly modularized to
allow parallel processing and schedule flexibility when integrating various payload options. The
central module is a truss and cruciform panel structure that supports four 35 to 38 inch diameter
bipropellant fuel tanks, four reaction wheels, two pressurant tanks, thrusters and an adapter ring
with laurch vehicle attach clamps. It is sandwiched between an electronic shelf on the underside
which holds batteries, other power electronics, communications electronics and control system
electronics and, on the top, by the precision pointed payload platform (optical bench). All attitude
and mission sensors are mounted in close proximity on the optical beach which attaches to the
bus at three points with a combination of hard and flexible (kinematic) mounts. The attachment
scheme "loosely couples” the optical bench to the bus such that mechaniczl and thermal loads are
not directly transferred from the bus to the bench. The bench is constructed of sandwiched multi
layer graphite panels resulting in very low thermal expansions. These measures minimize reiative
motion among payload and atiitude sensors to greatly enhance spacecraft pointing knowledge and
increase image navigation and registration accuracy over the Option I configuration. Because the
optical bench is mounted such that the nadir face is looking up to the top of the shroud in the
launch mode, it is possible to put sizable sunshields on many of the sensors to further improve
their performance when the angle between the sensor optical axis and the sun is small.
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The SENM instruments arc mounted to a tilt mechanism on the solar array yoke much thc same as
in Option 1. The solar array is mounted on the south sidz of the spacecraft. Unlike the Option !
design in which the solar array panels arc all deployed to the south, the Option II solar panels
deploy in an cast and west direction, thus minimizing solar pressurc torques. Becausc the
resultant solar pressurc torque is managcable, the solar sail is eliminated, allowing the mission
sensor coolers an unobstructed view of space.

Although the Option II spacecraft draws most its heritage from the Hughes HS601 spacecraft
which, like Option 1, is yet unprovea in space. Twenty onc HS601, have been ordered to date by
various customers and nineteen are in various stages of construction. The tv ! is scheduled for
launch this year (1991). :

This brief description of the Option II/III spacecraft is intended to show the major differences
and/or similarities between the various candidate Option I, II and III spacecraft. Greater details
about the candidate or several other spacecraft proposed by LAS, General Electric (GE), and
TRW are beyond the scope of this study but can be developed during Phase-B. The HS601 was
chosen as the preferred candidate for this study because it required fewer modifications for
compatibility with the GOES~N mission and because the unique optical beach design offered the
most flexibility for accommodating various payload options and configurations.

7.2.23 Option 11 - Ground System and Spacecraft Communications

Optioa 11 includes the LM, the additional three WEFAX channels (a second analog channel, a
19.2kbps digital WEFAX channel, and a 50kbos data channel), an improved imagcr, a high-
spectral resolution sounder, a slightly higher EIRP DCP rcport channel, and the GOES~I S&R
subsystem. In addition, a two-station ranging capability is nceded to meet control system orbit
determination accuracy requirements. This latter requirement was not identified until near the end
of the study and will need to be addressed in futusre studies.

The total data rate of the Option II instruments, exclusive of prc ~essed (GVAR) data relay is
about 12Mbps, compared to under 3Mbps for Option I. The majority of this data rate increase is
due to the sounder. Accommodation of this data rate within the 20MHz band allocated at S-Band
requires the use of compression techniques for the imager and sounder data and balanced QPSK
modulation. Thus, an on-board multiplexer is needed to combine imager and sounder data, and
the instru.ients need the capability to compress data and code forward—-emror—correction the data.
The LM and ACS data could be downlinked directly to the SOCC and DUS via the MDL, along
with telemetry data and the other SEM instrument data, avoiding the need to relay the LM and
control system data via the GVAR link. An on-board multiplexer would also be requireu for this
link to combine the various data streams. Associated demultiplexers wouid be required at the
receiving ground stations.

Because of the increased imager and sounder data rates, the center frequency of the SDL will
have to be changed from the frequency used for GOES~I. In tum, the center frequencies of the
MDL ard GVAR links will also need to be changed. The MDL and SDL demodulators will neei
to be modified or redes.gned to handle the increased data rates. The GVAR link would require a
change from Binary Phase Shift Key (BPSK) to unbalanced asynchrorous QPSK (UAQPSK)
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modulation, with the processed imager data on onc channel and processed sounder data on the
quadrature channel. Likewisc, demodulators at the SOCC and all direct GVAR reccive stations
would have to be replaced with UAQPSK demodulators.

In addiiion to the above changes to the spacecraft and ground station equipment, the following
communication system improvemeats, some of which were recommended for Option 1, should be
considere?:

1 Eiluinating the MDL and CDA on-orbit telemetry trensmitters by multiplexing these dat2
strcams with the imager and sounder data on the SDL. These changes would require an
increased number of multiplexer/demultiplexer posts. The MDL demodulators would also
have to be replaced with SDL demodulators.

2 Combining the DCP report band with cae of the WEFAX channels to reduce
intermodulation products within the DCP repost band, thus improving peiformance and
eliminating DCP report transmitters. The effect on the WEFAX sigpal EIRP would be a
reduction of less than 0.5dB and would require no changes to the ground system. This
recommendation applics whether single or separate transmitters are used for WEFAX.

3 E.iminating the processed data relay (GVAR) link. This may be feasible if GVAR users
can use remapped products distributed via the AWIPS. The other possibility is to have the
AWITPS coatractor Jistribute GVAR data. This change would require that GVAR
processing be doae at the SOCC or DUS instead of at the CDA.

7.22.4 Option II - Risk Ideatification

With the exception of the rew instrumeats, the risk associated with the configuration
recommended for Option II is not significantly different from the Cption I coafiguration. Tae
spaccaaft structure, thermal, power, and propulsion subsystem designs, like Option [, are based
on a system that does not yet have flight experiecace. However, the Hughes HS601 series
development is somewhat more mature than the LAS GOES-I, because the first one is scheduled
for launch abou: : year earlier than GOES~I and because four to six times as many Hughes units
are already in various stages of consiructionr and test. On the balance, however, is the fact that
LAS already has three-axis stabilization experience with INSAT, albeit to less stringent pointing
requivements, while the HS601 will be a first experience for Hughes.

The increase in risk associat.d with imager improvements is smail because those modifications do
not require a changs in the GOES 1-M design coucept nor a change in cooler design.
Performance risk, on the other hand, <hould decrease with the incorporation of thc more accurate
optical encoder mirror drive. This type of drive was used oa a!! <f the picceding GOES senes
and has proven tr be very acliable.

In contrast to the imager, the Michelson sounder is a new development for this application. While
some experience has been gained with this d-sign approach from instrumcnts built by Bomem of
Canada and operated on aircraft flights, it is insufficient to p.edict the charactenistics of the Option
II configuration in the GOES operational environment. Careful engineering and management
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decisions arc needed to fully understand the arcas of risk associated with sclecting this new
technology for an operational system. To help casc reliability risk, a passive rather than active
cooler is proposed for the Option Il sounder. This type of cooler cannot lower the focal plane
tempcrature o the Jevel required to approach the GOES-N sounding requircements, so the optics
aperture sizc was increased by two inches to compeasate. The larger optics adds some increased
risk because of the greater difficulty required to maintain optical quality and scan efficiency.
Overall, this approach is still judged to be less risky than smaller optics and the unknowns of a
mechanical refrigerator system. Elimination of the solar sail and the addition of semi-yearly 180
dcgree yaw mancuvers will enhance the cffect of the cooler and lessea performance risk
somewhat.

Tae LM seasor is another acw development for operation in geosynchronous ortit. A
development program managed by MSFC has been on—going for some time to provide a
prototypc nstrument for flight on GOES I-M. This program has oaly gonc through the

r cocurement cycle to Phase--B, and actual prototype hardware has not yet been built. Because the
lightning mapper is a fairly simple instrument, being a staring seasor with no mechanical motion
during its sormal modes of operations, and because it has been analyzed through the Phase-B
level, the risk of developing a successful prototype is probably not great. The mission risk is
minimal since the lightning mapper is not a primary seasor critical to mission success.

Changes to the WEFAX and DCS involve adding channels to existing designs. The methods
proposed for implementing the additional capability in the Option II configuration require minimal
changes to the existing hardware designs and very littic impact to ground systems. For these, and
other reasons. the perfoimance and reliability nisks associated with mesting Option 11
requircments arc small.

With the exception of the high spectral resolution soundes, the Optioa II risk can be quantified to
be nearly the same as Option | and GOES I-M. However, the risk of a completely successful
development of the interferometer sounder for geosynchronous operational use is high, in both
performance and reliability.

7.2.25 Option Il - Lauach Vehicle

The Atlas ILA was selected for launch of the Option II concept. Improvemeats in the DCS,
control system, a new sounder, and an additional sensor-the LM, have caused the weight and
power requirements to increase over Option [. These increased needs require additional
stationkeeping fuel and solar array and battcry capacity. When all improvements and supporting
capacilies arc accounted for, the Option Il configuration weight estimate is 2602kg, 440kg greater
than Option 1 but still within the lift capability of Atlas I, which is 2680kg. However, a 78kg
margin is grossly inadequate at the offset of a program, especially when the program: requires the
deveiopment of twu new instruments such as the sounder and LM; ergo, the selection of Atlas
[IA. Wid, the Atlas IIA for launch, the margin is estimated to be 208kg.
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7.2.2.6 Option Il ~ Summary

The basic premise underlying the system coacept for Option Il is to mect NOAA core
requircments.  The concept was not based oa the GOES 1-M system; the idea of evolutionary
changes from the Optioa | coafiguration was the guidcline in defining Option II. Choosing the
Atlas class lauach vehicle as a constraint limited most study activity tn the evolutionary arcaa.
The evolutionary concept drove selection of the spacecraft and payload designs to systems that are
already in usc or that arc in advanced stages of development. The spacecraft, for instance was
chosen because of the maturity of its design, its capability for larger paylcads, and how well it
can accommodate and suppert an oplical beach. The optical beach concept provides not oaly
greater image registration accuracy, it also provides a large measure of flexibility for varying
payload coafigurations and greatly simplifics the integration and test process.

Payload items selected for Option Il are generally based on wadified or upgraded GOES I-M
designs.  The sounder and lightning mapper are exceptivus, of course, but even they are based on
well p.oven concepts that are in advanced stages of development. The resulting increased data
rates will require that an on-board multiplexer be added to the spacecraft communicatioa system
and that some in-band frequency changes be made. These will require ¢ mrespoading changes to
the existing ground system ( iLe., a new demultiplexer and new or modified demodulator). Most
clemcats of the existing ground system can be used as is, which again testifies to the evolutionary
nature of the Option 11 concept.

Exclusive of the ncw instruments, the cffect on risk of implementing the recommended
modifications for Option Il is cousidered to be roughly the same as Option 1 and

GOES I-M. The new sounder and lightning mapper have yet to be completely developed for a
geosynchronous environment and, therefore, significantly increase the risk of the Option I
mission. Sufficient weight and power margins have been planmed for this concept to offset the
risk of potential excess growth of these instruments during their development process. As with
the Option I concept, the level of risk for Option II cannct be quantified until GOES I-M is flight
proven, the HS601 is flight proven, and the new instruments have completed their development.

7.23 Option Il (Figures 7.2.6)
7.2.3.1 Option HI - Payload Concept Summary

The Option 11l concept continnes the theme of evolutionary imprcvement over Option II by
incorporating esseatially the same spacecraft, control system, sounder, WEFAX, DCS, S&R and
SEM instruments. While the improvements and additions increase implementation risks and costs,
they also significantly increase performance capability. The matrix of Figure 7.2.1 will serve as a
guide for discussion of the Option Il improvemeats.

The first item that is basically different from its Option Il payload counterpart is the advanced
imager. [t is a totally new design that incorporates all the additional spectral bands requested by
NOAA and meets, in most cases, the desired spatial resolution for each band. This modest
increase in capability contrasts to the significant changes in design over Options I and II which
were made to improve pointing, registration, and thermal performance.
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Perhaps the most significant change is the usc of very low (cmperature cocfficient materials (such
as Graphite Fiber Reinforced Plastic (GFRP)) in the cousisuction of the imager combined with
more cfficicnt structural gcometry to lessen the pointing crrors caused by diumal thermal
distortion. Not oaly will the use of GFRP minimize thermal deformation and/or thermal snapping,
it also helps to raisc the lowest fundamcatal structure frequency mode out of the instrument mirror
servo controller bandwidth, thus enabling the design of a more stable coatroller.

Another significant change is the usc of spatial scparation for IR spectral channels in 2 common
extended focal pianc rather than spectral separation by beam splitters as implemented on GOES-1.
This method greatly cabances the chances of maintaining fundamental co-registration accuracy
during the fabrication process and in the operational thermal eavironment. It does, .owever,
aggravate the problems of image rotation.

Image rotation is inherent ‘n a two-axis single mirror scanner sach as that used on GOES-1. Itis
2 SCToUS CITOr SouUrce requiring correction in navigation and within-frame registration
performance in the GOES-] concept, even with the smaller focal plancs used there.  Another
significant change to the advanced Option Il imager, therefore, is to climinate image rotation by
incorporating separate scan mirrors for the cast-west and notth-south axes. Along with this dual
mifror scanner, operation in orbit at very small inclinations (0.05 degree or less) and resampling
of the image data in ground processing would likely result in minimizing chaanel-to—channel
misregistration. References to diagrams of the Option III advanced imager and greater detail on
its configuration and expected performance can be found in Section 9.1.3.

The next major differeace in the Option I payload is the addition of another imager, referred to
as the "auxiliary” imager. The purpose of the additional imager is to provide coaticwous full-disk
images in the eveat the advanced imager was being used in a limited areal coverage mode to
observe a significant localized mesoscale event. This instrument would also provide a redundant
imaging capability in the event of a primary imager failure. Several suggestions have been made
for the source of the auxiliary imager including an INSAT, GOES-I, or an Applications
Technology Satellite (ATS-6) Geosynchronous Very High Resolution Radiometer (GVHRR) type
imager.

An alterate approach to he auxiliary imager is to double the number of visible channels in the
primary imager so that it can cover the full-disk earth in half the time, thus freeing the remaining
time for partial disk imaging. This alternate approach as well as the additional imager approach
are described in greater detail in Section 9.1.4.

The focal planes of the Option Il imagers are passively cooled. The sounder has also undergone
a significant change from Option II. The optical aperture has been reduced back to GOES 1-M
size and a mechanical cooler system is used in place of the passive cooler to improve the
radiometric performance beyond Option II. The focal plane is cooled by a Stirling cycle cooling
system modeled after the units planned for tne Atmospheric Infrared Sounder (AIRS) instrument
on EOS. The Option Il instmment weights approximately the same as the Option Il unit because
the smaller optics weight is nearly offset by the mechanical cooling system. However, increased
nower requirements 2nd control electonics for the refrigerator do significantly increase the Option
Il sounder system weight. Cooling would be provided by a pair (two compressors) of
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refrigerators. A scooad pair is required for redundancy. The usc of any mcchanical refrigerators
in loag-lifc space applications is in a developmental stage. No flight proven hardware cxists
prescatly, but NASA is making 2 major investment in this tochnology for scveral instrumcats ou
the EOS program. Hopefully, waca GOES-N nceds mechanical refrigerators, they will have been
fully developed 2nd flicht proven. Section 9.3.4 coatains greater detail on the coafiguration and
performance possibilitics of the Option 111 sounder.

The final major payload difference from the Option 11 coafiguration is in the SEM area. Option
111 has an additional two instruments in the SEM package, a combinatioa SVM/Hal and a radio
beacon for measuring TEC.

The magnetograph is a technically challenging instrument for GOES because of its size and
weight. To seasc the magnetic ficlds at th= photospbere of the sun, even with state—of-the-art
detectors, requires co—regisicring multiple imagzs to better than the pixel size of 1 arcsec over at
lcast a S minute period for the needed seasitivity. This will require very sophisticated optics
aloag with very precise platform servo cootrol. Added to these already tough requirements is the
necessity 0 do narrow baad seasing measurements in multiple spectral bands if the Ha
requirements arc 0 1 = sealized in the same instrument. Section 11.1.3.25 contains more detailed
information on the combinatioa SVM/Hal.

A Very High Frequency/Ultra High Frequency (VHF/UHF) radio beacoa will be used to monitor
total electron content aloag the line of sight between the spacecraft and a ground station. The
technique will be 10 measure the differcatial group delay of a code sequence transmitted at two
frequeacies in the VHF/UHF radio bands. This technique is very simple  implemceat on the
Optioca IIl bus. It is questionable, however, whether this capability is needed oa GOES since the
USAF has already implemented a similar capability oa the widely distributed multiple spacecraft
of the GPS. Further discussion of this system is coatained in Sectioa 11.1.3.2.6.

7.2.32 Option Il - Spacecraft Coafiguration and Heritage

The Optiva IIl spacecraft is ideatical to e Option II spacecraft (modcled after the Hughes
HS601) with a few exceptions. Intemally, the oaly differences are in tie size of the fuel tanks
(38 inch versus 35 inch), data processing equipment to handle the combination SVM/Hal
instrument, threc radiometers instead of two, increased power handling and storage, and more
communications equipment. Extemally, the solar array is larger and the optical bench is
configured differently to accommodate the three radiometers. The basic structure of the Optioa 111
spacecraft is not changed over Option I nor are the clements of the control system. The
description: of the spacecraft and its beritage, contained in Section 7.2.2.2, applies equally for
Optioa Hll. Figures 7.2.7 show the resulting Option Il spacecraft. The basic bus configuration
shown in Figure 7.2.4 is commoa to both Options H and II.
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7.233 Ortion lll - Ground System and Spacecraft Communications

Optioa 1l includes an auxiliary images, the combination SVM/Hal, four WEFAX chaanels, the
Optioa Il images, a high~resolution sounder, a slightly higher EIRP, and the GOES-~I S&R
subsystem. As in Option II, a two-station ranging capability is needed to meet coatrol system
orbit determination accuracy requirements.  This ranging requircement will need to be addressed in
a future study cffort.

The tot2] data rate of the Option 111 instruments, exclusive of processed (GVAR) data relay, is
about 14Mhps. Accommodation of this data ratc within the 20MHz S-band allocation requires
compression of the imager, auxiliary imager, and sounder data. The use of a bandwidth cfficieat
modulation scheme for the SDL, such as 8-PSK (Phasc Shift Kcey), is needed to reduce the
channel bandwidth required. An ea-board multiplexer is also neceded to combince the imager,
auxiliary imager, and sounder data into one data stream for input to the SDL modulator. Data
from the remaining instruments would be transmitted via the MDL, as in Option II.

Because of the added instrumeats and higher instrument data rates, new ceater frequencics are
needed for the SDL, MDL, and GVAR links. On-board multiplexers are needed for the SDL and
MDL. For the ground stations, an 8-PSK demodulator is needed at the CDA to demodulate the
SDL signal. A new QPSK modulator plus multiplexer is required at the CDA to transmit GVAR
data. New QPSK demodulators and demultiplexers are required at all stations receiving the
GVAR sigual.

In addition to the above changes to the spacecraft and ground station equipment, the following
communication system improvements (which were also recommended in essence for Option II)
should be considered:

1.  Hliminating the CDA on-orbit telemetry transmitter and adding the telemetry data to the
MDL.

2 Eliminating the DCP Report transmitters and combining the DCPR band with the WEFAX
signal, reducing intermodulation products in the vicinity of the DCPR band. This would
reduce WEFAX signal EIRP by less than 0.5dB but would require no changes to the
ground system.

3. Elimination of the GVAR link. This may be feasible if GVAR users can use remapped
products distributed via the AWIPS. Alternatively, the AWIPS contractor could distribute
the GVAR da‘a. This change would mean that GVAR processing would have to be done
at the SOCC, requiring greater EIRP on the SDL.
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7.2.3.4 Option 1l - Risk Ideatification

The risk of successfully developing, implementing, and operating the proposed Optioa 11}
coafiguration is significantly greater than either of the two previous options. Dcvelopmeat risk is
up primarily becausc of the new imager design, the new sounder mechanical cooler design, and
the new SVM/Hal design. Implementation risk is higher because of the addition of a sccond
imager and the SVM/Hal. Operational risk increases because of the complex dynamic
interactions between the spacecraft and the various additional moving masses, such as the dual
mirross in the imager, the auxiliary imager mifror, the soupder mirror, the sounder mechanical
refrigerators, and the additional SVM/Hal weight on the moving solar panel yoke. All these
interactions will have to be coatrolled to very small system angular error values as will the orbit
inclination. The nct result of thcse increased risks shows up in a longer schedule and a higher
cost for the Option Il program. The benefits of potestially improved perforn.ance and the
benefits of mecting more requirements, however, tead to offsct some of the risk. Coasidering the
pew imager, some of the risks of a new design are offset by incorporation of proven concepts.
For instance, utilizing two mirrors doubles the number of rotating masses over the single mirror
with a dual axis used in GOES-I, but the single axis per mirror concept has been well proven on
all previcus GOES spacecraft. Using GFRP, with its hygroscopic teadencies, for most of the
imager structure is a new concept that may be challenging to implement, but the offsetting
poteatiai performance gains can be enormous in the areas of thermal deformation and structural
frequency response. Spatially separating the IR spectral channels in a common extended focal
planc and climinating numercus beam splitters cases the usual internal alignment problems and
greatly cnhances the chances of maintaining fundamental co-registration accuracy during the
operational thermal eavironment.

The risk inhereat in the souander is as described in Section 7.2.2.4 with the additional risk ct
mechanical cooler implemeatation. The unknowns bere are basic refrigerator -eliability and
lifetime and the effect of mechanical vibrations on INR emrors. Another unknewn is the difficulty
of coanecting two cooling systems (of two refrigerators each), one operating at a time, to the focal
plane easuring adequate heat transfer paths. Possibly, by the time GOES-N would need
refrigerators, the concept will have been space proven by the EOS progrzrm. Offsetting the
refrigerator risks are the potential! for greatly enhanced sounding performance through lower focal
plane temperatures and smaller, more accurate, optics.

The risk of building a SVM/Hal capability, both housed in a package of reasonable size and
weight, is quite large. The multiple image co-registrziion accuracy required combined with the
lasger weight carried on the solar pointing platform, iicrease concems that dynamic interactions
with the spacecraft control system may adversely affect INR system errois. It is strongly

- recommended that a full study be conducted on this instrument before serious consideration is
given to its inclusion into the spacecraft system. Without the results of such a study, it is
doubtful that any validity can be given to a system pointing error budget that includes the
combination SVM/Hal instrument. All these risks, however, can be offset by not including this
instrument in the payload complement if the study results are not favorable, inasmuch as it was
proposed to answer the needs of an adjunct NOAA requiremeat.

In summary, the developmental, implementational, and operational risks for Option III are greater,
by far, than either Option I or II. The potential performance gains, however, are also far greater.
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7.23.5 Option Ill - Launch Vchicle

The top of the linc Atlas ILAS is required for launch of the Option Il configuration. This is
primarily duc to the additional payload weights of thc new imager, the sounder mechanical
refrigeration system, and the combination SVM/Hal. To support this heavier payload, larger fuel
tanks and solar arrays arc also required. The total Optioa Il weight is estimated to be 2974kg,
which is 372kg heavier than Option II and 812kg heavier than Option I. The Atlas IIAS has a
launch 10 Geosynchronous Transfer Ombit (GTO) payload capacity of 3490kg, resulting in a very
adequatc “start of program® margin of 516kg.

7.23.6 Option Il ~ Summary

The underlying premise for the Option [II system is to meet NOAA core requirements and as
many optional and cnhanced requirements as feasible within the coastraint of making oaly
cvolutionary changes from existing system designs. Adhering o the cvolutionary theme, the
largest size of the same lacnch vehicle line was used as was the same spacecraft recc.amended for
Optioa II, the Hughes HS6C1 with its opticzl bench concept. As scen in Figure 7.2.3, the only
visible changes from the Option I spacecsaft are a larger solar array and a modified ontical beach
to hold three instead of two carth observing instruments. Iutemal to the spacecraft, the major, yet
cvolutionary, changes are larger fuel wanks, larger batteries for eclipse operation, and more
clectronics for increased power and data handling. Taue coatrol system remains essentially the
same as in Opticn 1l

With the exception of the primary imager, all the payload items of Option II are included in the
payload of Option III. Also included in the Optioa III payload are the additional or auxilicry
imager (which could be an Option I or Option I imager) and the combination SVM/Hal. The
Option [II sounder retains the same general concept and configuration as the Option II instrument
except it has slightly smaller diameter optics (casicr to build) and a mechanical cooling systemn
{aarder to incorporate) in lieu of a passive cooler. By far, the most important change over Option
I' is in the primary imager concep: The Option HI imager, while a new concept and not flight
proven, was chosen not oaly to improve performance, but to be easier to build, align, and
maintain alignment in the space eavironment. For these and other reasons, the new imager
concept can also be considered an evolutionary improvement. As in the case of Option I,
modifications will have to be made to the spacecraft communications system to handle the
increased data rates. This will require corresponding changes to the ground system, which will be
very modest.

The effect on risk of implementing the Option II concept will be higher than the previous
concepts. The new imager, sounder with refrigerator cooling, lightning mapper, and combination
SVM/Hal are not developed for a geosynchronous environment and, therefore, significantly
increase mission risk. Perhaps the largest contributor to risk is the unknown effect on controls
and INR performance of the

dynamic interactions among the mechanical refrigerators, multiple moving mirrors, and solar
pointing platform mechanisms. In any event, if the Option III concept is properly researched,
developed, scheduled and funded, it should result in significant peiformance gains over the present
systems.



7.2.4 Fcasibility, Risk, and Schedule Summary for Options §, 11, and §fl

Tablc 7.2.2 provides a summary of feasibility, risk, schedule, cost, and performance assessments

for:

A replicate of GOES I-M in the GOES-N time frame

Optioa |

Option Il (with and without prior R&D)

Option Il (with and without prior R&D)

A replicate of GOES-7. (NOTE: The GOES-7 Replication study is contained in a
scparaic report.)

7.25 Optioas vs Schedules

Figure 7.2.8 shows a proposed schedule of activities related to Phase-B, it includes:

NOAA option selection (hybrid; |, I, or III; or Atlas)
Focused Phasc-A studics

NASA Phasc-B support during transfer

NASA Phasc-B procurement

NASA Ph-sc-B

Figure 7.2.9 shows an overall schedule to launch of GOES-N which includes time provisions for
many of the issues under coasideration;

Engineering models of instraments
Engincering models of spacecraft subsystems

Protoflights (instruments and spaceczaft subsystems)
Phases-A and B for select instruments

Figure 7.2.10 is a prelimirary schedule for the simpler Option I configuration which is an
extensiona of the GOES I-M configuration with improvements based on current [-M status and
state-of-the-art technology.
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713 "Unmct” Requirements

Subject to study coastraints (Figure 7.3-1) and for a varicty of other reasons, not all of the
NOAA requircments could be met by the various Optioas (1, I, and III). Tables 7.3-1a and 7.3
1b coatain asscssmeats of the unmet requirements as a function of Optioas 1, II, or Il. Figures
7.3-2a through ¢ present the reasoas why the study team coacluded that these requiremeats could
oot bs met.

73.1 “Uamect" Image Navigation and Registration (INR) Requircmeats

The projected INR pe.formances for the Option I and 1lI systems are similar, with the system
performance differences primarily due to improved thermal and structural pesformances brought
about by a redesign of the imager and the use of a material with a low thermal coefficient of
expansion (¢.g, GFRP). The coatributions from the individual crror sources are all about the
same magnitude. As a result, evea if it were possible to provide a major improvement in one or
two of the error sources, this would not result in an overall improvement that is anywhere near
the 14pr desired performances. However, cach error source has been reduced to the greatest extent
possible by the selected system approach and design.

Future improvements will require an R&D effort to develop an integrated instrumeat and coatrol
system. An approach that has the potential to provide the desired performance is discussed in
Section 10. This approach coatinually seases a ground based signal to determine the real time
pointing error, which is then used t instantancously correct the pointing. In effect this is an
adaptation of the methodology used on current staring systems (c.g., Hubble Space Telescope
(HST)) to an image scanning system to achiceve the desired pointing performance.

The projected registration performances were obtained by extrapolating both the performance of
current systems using star tracker/gyro control subsystems and the performance of a redesigned
GOES-I instrumeat/servo. To account for unknown error sources and/or optimistic performance
assumptions, a 50 percent margin was added to perfonmance projections. These projections for the
Within—-Frame and Frame-Frame registrations are now recommended as the values to be used in
subsequeat GOES-N studies. However, as discussed in Section 10.1.1.2, future GOES-1 flight
expericace could result in the need 1o reassess the aqurent registration performances estimated
hereia.

The Core and Option/Enbanced INR requirements and capected performance are summarized in
Table 7.3.-1a. As discussed in Scction 10 and Appendix C, and shown in Table 7.3.-1a, the
within—-frame and frame-frame registrations cannot be achieved for the option or the enhanced
requiremeants by any of the threc options.
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80 CONCLUSIONS AND RECOMMENDATIONS
81 Scope of Recommendations

As a coascquence of this study, various recommendations emerged that could be grouped into
threc main catcgorics. These are:

1. Programmatic level recommendations (Section 8.2) that influence the cverall system,
spacecraft subsystems, sensor payloads, and ground operatioas and data handling systems.

2 Studies recommended for complction prior to cnmmencing Phase-B (Section 8.3). Many
of these are within the original scope of the study but werc not completed because of
resource limitations. Also included in this category are new studies, not originally
designated, the need for which surfaced during the course of the study.

3. System level recommendations (Sections 8.4 through 8.10) apply to spncecraft systems and
subsystems, instruments (imager, sounders, SEM, DCS, S&R, and WEFAX), and ground
systems including command, control, and data handling, (receiving, processing,
distribution, user downlinks). Most of these studies are described in greater detail in
Sections 9, 10, and 11.

82  Programmatic Level Recommendations
821 Recommended: Supporting NASA Research for Operational Eavironmental Missions

Evolving uational needs for weather forecasting, meteorological and other atmospheric science
measurements, and remote sensing from space in general are periodically translated by NOAA
into requirements for geosynchronous earth orbiting GOES-type missions. The 1983 NWS and
1989 NOAA requirements were used as a basis for defining the GOES-N series configurations
(Optioas I, Il, and III) described in this repost. In both cases, GOES [-M and GOES-N,
satisfying NOAA requirements resulted in the need to specify instruments and some spacecraft
subsystems that had little if any prior research heritage and no prototype flights previously
conducted by NASA. The inherent risk of utilizing space hardware with ao prior proof of flight
worthiness is high and seems inconsistent with any operational space system.

The reason for this is that NASA terminated its research satellite and operational satellite
improvement program in support of operational NOAA missions more than a decade ago. Also,
in 1982 the NASA NOAA satellite improvement research program was canceled. The
cancellation of Operational Satellitz Improvemeat Programs (OSIP) was only the smallest and
final part of r'.c NOAA support that NASA stopped. The first step was the termination of the
Applications Technology Satellites (ATS) which actually occurred in the early 1970s. The final
ATS was flown in May 1974 (ATS-6). Then the decision was made at about the same time not
to support future prototype operational satellite development using NASA funds (e.g., SMS). It is
also worth remembering that these types of decisions also affected the low orbiting series (Nimbus
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and TIROS~-N were the final members of those series). All these NASA policy decisions
regarding research and operational prototype satellites were made not long after the 1973
NASA/NOAA agrcement was signed stating that NASA had the responsibility to support and fund
these satelliies. Finally, OSIP also supported the entire operational program, not just the
geosynchronous satellites.

The Advisory Committee on the Future of the U.S. Space Program (often referred to as the
*Augustine Committee”) in late 1990 recognized this situation and reccmmended that NASA re~
institute an ongoing program of research to support these operational ezvironmental missions. In
Jaruary 1991, the NASA administrator announced that he would implement this committee's
recommendation.

The recommendation described in this section is precisely that of the Avgustine Committee and is
in &xact compliance with the NASA favorable response. Specifically with regard-to GOES- N, the
recommendation implies on—going NOAA orieated sensor research and technology development
programs within GSFC accompanied by protoflights of advanced systems that precede flying these
on NOAA operational missions. Based on a successful prior history (1960-1989) of a coupled
research—-operatiopal approach. the imnlementation of this recommendation is almost certain to
reduce cost, risk, and schedule uncertainties and result in satisfying newly emerging NOAA
requirements on a continuing basis.

Results of the cost analyscs coatained in Volume 3 of this repert indicate that the recommended
rescarch ~ operational sequeatial program for NOAA sateliite will result in the benefits de_cribud
above. In Volume 3, the RAO defines "Business as Usual” and "Preferred Strategy” approaches
for GOES-N. “Business as Usual" represents the operational program under which the current
GOES satcllites are constructed. This is an extremely high risk approach for developing
GOES-N as it does not allow for the research and development work necessary to achieve the
technological requirements of the GOES-N satellites. Hence, this program is not rccommended.
The “Preferred Strategy” ceaters about preliminary research and development programs for the
highly sophisticated sensors and spacecraft in the Options 1, II, and III described in Section 7.
Under this scenario, an initial investment of about 5 perceat of total program cost is specifically
allocated for research and development work in the first 3 years for Option 1 and the first five
years for Options II and III.

This iniiuial investment will allow for the development of the GOES-N state-of-the-art sensors
and spacecraft. It will result in extending the life and increasing the reliability of the GOES-N
series. The final reason for recommending the "Preferred Strategy"” is that cost savings of about
25-40 percent will also be realized.

822 Recommended: Project Procurement of Instruments

It is recommended that instruments be procured by the NASA project office directly fiom
instrument sources instead of via the spacecraft contractor. NASA should amrange for in-house or
off-site acceptance level environmental lests of each sensor. This r.commendation is one
successfully followed on most GSFC space science missions, past and current. It places the
responsibility for instrument Phase-C/D's in the hands of qualified contractors and tiic NASA
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project office. The spacecraft contractor remains responsible for defining the interface
specifications, sensor integration into the spacecraft, and total system level environmental
acceptance tests. The spacecraft contractor is freed of possible allegations of "conflict of interest”
when responsible for both the host carrier and the payload. The NASA project office is
undesstandably more unbiased in assessing schedule delay and cost overrun sources. This
recommendation applies to all elements of this section as a general consideration.

823 System Coafiguration Recommendations

We should assess the benefits of flying spacecraft in a constellation that has 3 elements. An
imager bus cast and west, and a single sounder bus. Navigation will improve for the imager
spacecraft. ‘The sounder spacecraft can reduce the risks/impacts of bringing the new scunder on-
line. The sounder spacecraft may even carry the auxiliary imager for full disk data support. In
this scenario, the spacecraft can now remain within the Delta eavelope and yet carry instruments
that have grown physically to provide enhanced capabilities. This system may cost more, but
there is a robustness that may warrant the expense.

83  Studies Recommended for Completion Prior to Initiating Phase~B and their Categorization

Of the cighty—one (81) studies originally defined as necessary to accomplish ir order to complete
the GOES-N study, about half were deferred due to the descoping discussed in Section 2.0. As
the study approached its conclusion in the September-November 1990 time frame, re—examination
of these studies indicated that some of them could be eliminated. Over the same time period,
additional studies, primarily oriented towards better definition of the developmental instruments
(c.g., imagers, sounders), emerged as being important to the study. As the analysis of the
GOES-N system proceeded, several key studies were also identied as requiring further pre-
Phase-B effort. Sections 8.4, through 8.10 contain additicnal studies recommended, arranged by
subsystem or sensofr.

83.1 Recommended Pre-Phase-B Studies
1.  Assist in the technical revi~w of NOAA requirements for the GOES-N Phase-B study:

This may be vi~wed as advising as to the technical implications and/or feasibility of proposed
operational requirement specifications, accepting NOAA direction as to content of the NOAA
requirements document for GOES-N, and drafting a final requirements document for submittal to
NASA prior to beginning Phase-B.

2. Resampling:

Based on the results of a number of study efforts, it appears that ground resampling will
significantly mitigate alignment problems and navigation/registration demands on spacecraft
equipment. NWS is expected to have a requirement in the GOES~N time frame to remap sectors
of GOES data in real time and distribute it via ground communications to the fizld centers. This
recommeanded effort will evaluate the overall system required to achieve the current specification
performance and desires at the output of the resampler/remapper. The initial effort in this arca is
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to develop a quantitative estimate of poteatial gains from rcsampling in terms of risk, cost, and
performance. Trade-offs between resampling/remapping algorithm complexitics and output
performance would be assessed, as well as the impacts on the instrument design in areas such as
increased Modulation Transfer Function (MTF) requirements. Interrelationships of the resampling
- and remapping requirements, as they impact optimization of overall system performaace, should
be addressed as well as the impact on ground processing,

3. Solar viewing platform stabil‘ty:

A dynamic model of the solar array yoke and bearing assembly and the burdened single axis
positioner should be analyzed to demonstrate the dynamic stability and poirting accuracy of the
solar viewing platform and its impact on carth viewing instruments. It is extremely important that
this be done prior to release of the Phase~-B Request for Proposal (KFP) to fully establish the
compatibility of the solar viewing and earth viewing platforms. The effort should. include:

a) Develop a two body bearing assembly NASA Structural Anaiysis Program (NASTRAN)
structural model and define mode shapes and frequencies

b) Perform scrvo analyses of control loops for servo positioners in azimuth and elevation and
determine stability margins and pointirg performance

4. Option II sounder:

The Option II sounder with the passive cooler should be designed to allow in-flight selection to
provide trades between coverage rate, completeness of coverage (fill factor), spectral resolution,
and NEAT in the various spectral bands. A Phase-A study is recommended which includes a
detailed analysis of the technical feasibility and limitations of these trades with the objective of
providing a passively cooled advanced sounder with a useful level of sounding performance for a
mode in which a 3,000 x 3,000km area is covered in less than an uour for routine coverage as
well as having available high performance modes for detailed assessments in limited areas.

5. Optical instrument layouts:

Phase-A studies of the principal new optical instrumes's are recommended to provide confidence
in the technical specifications for a Phase~B system RFP. Such studies should be conducted for
the imager, the high-spectral iesolution sounder and the SVM/Hal, if appropriate.

6. Continuous stationkeeping:

Continuous stationkeeping, to maintain orbit inclina..un even lower than 0.1 degree, now appears
highly desirable for the fundament~l reasons of reducing (1) alignment problems and (2)
navigation and regisuration demands on spacecraft equipment. This is also a potential alternative to
the resampling of Item 3 above. This study was proposed as an efficiency measure at the outset
of the study as a means of avoiding the spacecraft downtime associated with stationkeeping
maneuvers, but was not funded. The study should address:
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(@) Fucl usage impact as a2 {© "L of maximum allowable inclination and aloag track drift.

® Impact to spacecraft orbiv oterminatioa (position crror) as it contributes (o navigation
crror.

(©) Frequeacy ¢ " mancuvers required as a function of maximum allowable orbit inclinatioan.

(d) Paramctric relationships between stationkecping crror and errc s for various sized focal
plancs.

7. Orbit d..erwination:

A major source of crror in the INR performance is the detezmination of orbit and attitude. This
cffort would evaluate the improvement in navigation/registration performance from better
determination of orbit and/or attitude (O/A). An asscssment of the likelibood of achieving the
required O/A cgoss using Deep Space Network (DSN) information, and/or multiple ranging sites
with and without a GPS based timing system would thea be prepared.

8. Instrument materials:

Provide further refinericat oan the advantages of using materials such as beryllium and GFRP for
the instruments as a meags of improving registration performance. This cffort is to result in an
assessment of differcat design concepts employing these materials and the resulting expected
improvements on the location of structural nodes and thermal deformations.

9. Search and Rescue position determination:

Develop a spacecraft option incorporating the capability for position location for the S&R
subsystem with accuracy of 60-100km. S&R position determnination is not included in Optivas I,
iI, or HIL

1. Star acquisiticn:

Evalsate actual sta- Jocatioas to determine the minimum star magnitude required to easure a
99.7% probability of haviag a star in view of two of the three star trackers at all times. Noise
Fquivalent Anglc (NEA), FCV, and actual star availability (not probability) would be determined.

17. Coat:ol system simulations:

Frovide additional simulations to determine the performance of control systems based on
improvements resulting from the additional control studies.

12 EPS extension:
Energy deposition analysis for heavy energetic ions in the existing EPS dome and telescope

detectors shorld be performicd to confirm the feasibility of the approach and to establish
preiiminary tiresholds for the discriminarors.
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13. Electrostatic analysis:

The spacecraft ciectrostatic polential distribution should be modcled in typical synchronous orbit
cavironmeats using a program such as NASA Charging Analyzer Program (NASCAP) 0 map the
cacrgy/spatial domain at the soft particle spoctrometer detectors to that outside the spacccraft
sheath. Electrostatic anaiysis can be deferred 0 Phase-B.

14. Ground system:

The ground system should be studied to assess the impacts of various Optioa I and Optica I
spacecraft coafigurations, including use of commercial systems for “GVAR" data distribution.
This study should include estimates of the expected GOES-N products (e.g., type, coverage,
frequency, etc). Also, the benefits of advanced workstations should be explored.

iS. Commuaications:

At the fourth quarterly review, Ms. Larry Heacock of NESDIS informed us of impeading
ncgouations t0 move NOAA out of S-band (in particular, the 2025-2035MHz band) to a higher
management) confirmed that statement. Such a move, if implemented, will take place in the
GOES-N time-frame and will have a significant effect on spacecraft coanfiguration and the Radio
Frequency (RF) ground system. It is important for the GOES-N study team to develop spacecraft
options that use X~ or K-band frequencies. Such 2 stady would provide NOAA with an estimate
of the cost of making this transition. NOAA s expected to nced such an analysis for use in the
oegotiation process.

The nced for the Wallops Island phase of the program needs to be reassessed as well as the need
for the GOES satellites to serve as their own communications satellite. -ace the data have
undergooe initial processing.  The data stretching phase needed in the current program (e.g.,
GOES-7) certainly is altered for GOES-N (this is true evean with GOES [-M), and, with powerful
new three axis stabilized communication satellites coming on line in the 1990's, there is a question
whether GOES should re-breadcest data and products or whether this should be dooe via new
commercial satellites.

16. Minimization of “I/f" instrument aoisc

Stucy how to least minimize "1/f" noise of umagers and sounders on dhree axis stabilized
platformes in GEQ.

83.2 Categorization of recommended studics (Refer to Appendix 6A)

The original list of unfunded studies and new ones defined as recommended were categorized as
follows and shown in Tablec 8.3-1:
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L RFP scchaical requiremeats:

A recommendation for GOES-N is to dearly specify in the RFP that non—compliant proposals
will be rejected.  Kems that require compliance include provision of a safe-hold n-orbit mode
(SCB) and thac capability to tcst flight instrumcnts at spacecraft levels in an ambicat caviroament
(5S39).

2 Design specific

These are studics which are most logically performed dariag Phase-B when a particular design
approach has defimitely beea adopted. This effort would Bot be as productive in a Phase-A
caviroament where design approaches arc much mose teatative and therefore, defemral is
recommended.

3. Incloded in Transition Phase-A/B:

These are studics suggested i whole or i part as pant of Transition Phase-A/B recommendatioes.
The list is broader in scope than the original set of enfunded studics.

4 Neamtneeded:

These are efforts perceived as required 0 “complete” the original study. The Iist is oot
exhaustive, since it only addresses studics that were i the strawman list at the begioning of the
study. | incindes all applicable studics recommended as part of transition Phase-A/B.

5. Abandon:

These are studies which should be abandosed because they now appear to be out—of-scope or
direcied at approaches which are not compliant with NOAA's stated guidelines (c.g., reducing the
pumber of sounding channels fromr 19 to 14).

6. Partial treatmeat:

Scveral “uafunded” studics were ‘nvestigated to soms extent during the course of the study
because investigations naturally .d to their coasideration

7. NOAA input needed:

These are studies which are substantially compicted and where next steps are dependent on
NOAA's assessment of study results.
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The analysis showed that it is not possible 0 meet the requirenent that the output must reach
98% of its final value within a distance of 1 [FOV. Insteay, the requirement should be restated in
terms of ground distanc:. For example, the output should reach 98% of its final value within a
scan distance of X kilometers. Whea stated in this way, an appropriate combination of detector
size, optics, and filtering could be chosen 0 satisfy the requirement.

2 Option | Imager - ln-Flight Chagacl—t0-Channc] Alignmert and Temperature
M]m' - -

k is recommended that the aft optics be temperatare stabilized %0 avoid the possibility of diumal
drift between channe] r=atroids in the various spectral bands. This change could be incorporated
with likely negligible impact to the spacecraft imterface, and may ultimately be required to
approach the specifict performance requirements for chaonel—to-chamnel co-registration. In
addition, it will have in-flight visible to IR adjustment capability and perhaps temperature
stabilization of the relay optics containing the IR beam splitters. This will lead to the improved
performance.

3. Option I Imager - DC Restoration oa Every Available Space Look:

Overall image quality and calibration accuracy can be improved by DC restoring oan every
available space look, rather than at two minute intervals as was planned on GOES-1. This will
significantly reduce the effect of L/f noise, and is recommended for the Option I imager. For
sectors that do not sce the edge of the earth, some space looks at a regular interval will still be
needed.

4 Optioa | Imager - Eliminatioa of Discontinuitics in IMC Signal:

The AOCE software must be modified to eliminate discontinuiiies in the IMC signal during scan
tum-around. It is assumed that this modification will be incorporated at some point in the
GOES [-M program. It is also assumed that at some point in the GOES I-M program a stable,

full time Cohereat Error Integrator will be developed. This may be necessary to achieve within
frame registraticn requirements at end—of-life.

5. Option [ Imager - NEAT Improvemeat by Changing the Astromast Coating:
Improvement-of the NEAT for the imager through lower focal plane temperature should be

achievable in Option | by simply changing the surface finish of the Astromast boom to a specular,
low emissivity reflector. Analysis shows that this change alone results in a focal plane operating

123



tcmpcrature advaatage of acarly 10K to a control temperaturc of about 92K for cither the imager
oc the sounder.  Performance modeling for the imager in this report has been doace oaly at the
85K coatrol temperature we expect for Optioas 1l and ill. For the detector noise limited
performance cxpected, the 92K coatrol temperature would result in improved NEAT at all
wavcleagths, potentially by a factor of 2.5 relative 1o GOES-1.

o Option | Imager — Channel - Channel Alignment During Thermal Vacuum Tests:

Although they were not identified as funded cost—cutting or efficicacy studies carly in the
program, scveral suggestions have arisca during the course of the program that should be
incorporated in the GOES-N imager. Tb2ic are discussed in Section 7, and include improved
procedures for accomplishing channel-to—channel alignment in instrument level thermal vacuum
test through remote adjustmest mechanisms and potential use of flex pivots in the cast-west scan
axis.

7.  Option I Imager ~ Compreheasive Thermal Mode! Required:

An analysis was performed 0 “ctermine the thermal gradsents in the sunshicld and the heat inputs
into the scan mirror as the length of the sunshield is increased. It is difficult to draw coaclusions
from these results without knowledge of the thermal performance of the GOES-1J K scanner. A
detailed model of the sca~ mimmor and the clements in the scan cavity is noeded to assess the
cffects of changes in the length of the sunshield and in its extemal surface propertics.

84.12 Option | Sounder Recommendations

In keeping with the concept of the Optioa | spacecraft system as a minimal cost approach to
GOES-N, changes to the spacecraft and instrumeants from the GOES-~I coafiguration are limited -
to those for cost and/or efficiency improvements and those instrumesnt modifications offering
significant perform-ace beacfits without significant imract to spacecrafi interfaces. The Option |
sounder design concept is, therefore, ideatical to GOES-M.

1 Option | Sounder - NEAN Improvement by Changing the Astromast Coating:

Significant improvement in the sounder to improve the NEAN is limited by the focal plane
temperature, which can be significantly lowered within the concept of a low cost, minimal impact
sysiem by simply changing the extcnal finish of the Astromast solar sail boom as described in
Sections 9.1.1 and 9.53.1. The same magnitude of performance gain as for the imager can be
realized through this means, and a focal planc temperature of 92K should be realizable.

P- formance has veco modeled naly at the 85K temperature to be obtained with Option II and the
65K expected with Option IIL

2 Option | Sounder - In-flight Channel-to-Channel Alignment and Temperature:
Stabilization

’ Co-registration of the sounder channels to the stringent requirements of RO25 remains a major
problem for GOES-N, as discussed in Section 9.4.1.3. It is recommended that improved means
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of alignment and co-registration of the soundes channcls be devcloped for all spacecraft options,
as discusscd in Scction 9.4.13.

3. Option | Sounder - Sounder Co—registration:

The GOES I-M sounder can be modificd to improve co-registration performance without major
changes to the seasor.

Oac modification would be o slow down the filter wheel by about 10% and increase the time
allowed for the scan mirror to step and scitle from 28 milliseconds to 38 milliseconds. This could
reduce the motion of the line of sight during the time soundiags an being measured from about
10pr to less than 7ur which causcs misregistration of the sounding hannels relative to the
window chanacl This would keep the south—north coverage ¢~ - sounding channcls unchanged
but will increase the time required 0 cover a given area by 10%. This will also simplify the
fabrication of the sounder by allowing some reduction in the required performance of the cast-
west servo of the sounder.

4. Option | Sounder - Co-registration Verification. In-Orbit:

The edge of the moon can be observed in the visible and sounding channels and used to verify
co-registration in orbit. The moon has aa albedo of about 0.07 to 0.1 and would be directly
compatible with the visible and star seasor detectors. The sunlit portions of the mooa reach
temperatures of about 400K; thus, for the IR sounding channels, it will be necessary to
incogporate a system to reduce the gain and to avoid saturation when observing the moon. With
these design features incorporated, « should be possible to check the co-registration of the
sounder in flight.

Another modification would be to temperature stabilize the aft optics beam splitting assembly to
minimize diumal and seasonal temperature variations which cause the 3 spectral bands to change
their relative alignments.

S. Option I Sounder ~ 1km Visible for Cloud Clearing:

The GOES I-M sounder could be modified to provide cloud detection with 1km IGFOV visible
detectors. The preferred approach is to use an area array of detectors (probably a Charged-

Coupled Device (CCD)) to detect the clouds. The focal leagth of the sounder telescope is about
3.56 meters, which would require detectors 100um on a side to provide a 1km IGFOV.

6. Option | Sounder - Areal & Single Pixel Sounding Clarification Needed:
This study has not addressed an error analysis for the retrieval proccss nor selection of optimal
cloud clearing algorithms for contsol of those errors. Thus, there has been considerablc discussion

as to the correct interpretation of requisement RC28, which requires a sounding for a 60 x 60km
arca using 9 “clear” IFOVs, and RO28 which requires a "single™ IFOV sounding.
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842 Option Il - Recommendations
8.4.2.1 Option il ~ Imager Recommendations
1 Optioa II Imager - Cloud Smearing Specification Thange —~ Samc as Optioa I:

2 Optioa Ul Imager - In-flight Channel-to—Channel Alignment and Temperature
Stabilization ~ Same as Option I:

3. Option II Imager ~ NEAT Improvement by Eliminating the Astromast and Annual
Spacecraft Flip:

The elimination of the solar sail will improve the instruments’ passive cooler operation and
improve NEAT. Refer to Section 8.4.2.2 for further discussion on performance improvements
realized by remova: of the Astromast.

4. Option II Imager — INR Perfonmance:

The improvement of system INR performance will result through a 2er0 momeatum, stellar
mfamcedspmﬂaﬁmdcmnmlsystm(smmmnmmsdcmﬂsof'm&dmngs)

5.  Option II Imager — Addition of Two Uncooled Bands to Option I Imager:

Changes to the GOES-1 imuger were limited to those that could be incorprrated at modest cost to
. provide some of the additional performance requested or to provide significant performance
improvement. The design concept was, therefore, not changed. Those additional channels
requested by NOAA which can be realized with uncooled detectors, ic., the 0.86um channel

(31 detector) and 1.65um channel (InGaAs detector), a.c added becausc that change does not
impact cooler design and performance and has relatively small physical impact on the instrument.

6. Option 11 Imager - Optical Encoder Replaces Inductosyn:

In the area of pointing performance of the instrument, the studics indicate that the single most
productive change, short of a complete structural redesign of the instrumeat, is incorporation of
optical encoders in lieu of the inductosyns used in the GOES-] scan mechanism. The Option 11, 7
band imager will have 3 inch optical encoders to impiove the pointing accuracy.

7. Option il Imager - In~flight Visible to IR Alignment and Temperatuze Stabilization:
There will be in~flight adjustmeats of the alignment of the warm focal planes, the relay optics

will be redesigned to improve stability, it will he temperature stabilized, and some supporting
structures may be changed to improve stability.
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8.4.22 Option Il - Sounder Recommendations

The Michelson approach was selected as the basis for determining size, weight, and power
projections for the advanced sounder. Because there are problems with exteasion of the AIRS
grating technology to geosynchronous osbit, it is not recommended. The principal reason for
selecting the Michelson over the Fabry—Perot is the requirement for coatiguous spectral coverage,
which is very difficult to satisfy with Fabry—Perot technology. Should reexamination of NOAA's
requirements lead to 2 much more restricted set of narrow spectral bands, which can be defined in
advance, the question of the Fabry—-Perot versus Michelson approaches should be reconsidered.
The Option 11 sounder was coafigured to usc a passive radiator with a reduction in its area
coverage capability. To help the Option I sounder have better performance, we have increased
the aperture from 30cm to 35cm.

1. Option I Sounder - Sounder Phass-A Study:

A Phasc-A study of the sounder shoukl be conducted prior to Phasc-B. The purpose is to
develop a data base which is sufficient to prepare the RFP and to prepare staff to monitor the
competitive, parallel Phzse-B sounder studics. At this point, the in—house information/knowledge
base is inadequate to initiatc a good Phasc-B business arrangement with industry.

2 Option II Sounder - Co~registration Specification Change:

The sounder channel-to-channel or co—-registration requircments, ideatified as RC2S for this
study, were defined by NOAA as a core requirement to have the centroids of the Spatial
Weighting Function (SWFs) for the various spectral channels matched to 2% of total IFOV width
(10) and the half—power SWF channel widths matched within 1% (10). The initial assessment of
urmet NOAA requirements versus spacecraft options that was presented at the GOES-N Study
Final Review presented a predicted ceatroid matching to 10ur performance for all 3 options versus
the 2% or 4.5ur requirement and a half-power IFOV of 20ur for all three options versus the 1%
of 2.2ur requirement.

This specification can be rewritten so that the window channel in each band (long, middle and
short wavelength) is the refereace of registration. Thus, "the channel to channel registration for
cach channel within each band with respect to the window channel in that band must be such that
the radiometric response centroids shall be within + 2% of the total FOV width and that the half
power FOV channels widths shall match each other to within the diffraction limit."

‘This is a significant modification of the requirement and, if accepted by NOAA, should make it
feasible to match the centroids to the 2% required on the Option II and Option III sounder.
Problems in making measuremeants of the width of the 1/2 power points of the FOV will preclude
validation of performance to 1%.

3. Option [l Sounder - Study to Verify Need for Contiguous Spectral Coverage from 3.9 -
15.5um:
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The highest priority change in instrumeatation for GOES-N is the developmeat of a new infrared
sounder that has the projected poteatial to provide 1km vertical resolution in the troposphere with
1K temperature accuracy. The characteristics of this instrument have been defined as needing
0.Scm™ spectral resolution in the 15.5um (660cm™) spectral region with coasisteat high spectral
resolution of 2.5cm™ in the 3.9um (2564cm™) spectral region . The spectral coverage has been
enunciated as requiring coatiguous spectral information over the eatire spectrum. Additional work
is required to verify that this last criterion has a good seience basis.

4. Option il Sounder - Signal Processing Studies:

There are certain aspects of the signal processing impacts of the Michelson approach that have not
been investigated. The experience with the aircraft instrument is inadequate to document the true
characteristics in an operational environment. Because of the substantial difference in extracting
radiance data from an interferogram and the concomitant increased focal planc performance
requiremeats in the areas of linearity and dynamic range for the Michelson, carcful enginecring
and management decisions are nceded to fully understand the areas of risk associated with
sclecting this new technology for an operational system. In addition, a detailed assessment of data
processing requirements and impacts should be initiated. It is probably desirable to have an
independent entity take the proposed retrieval algorithm and verify the accuracy of the technique.
If no algorithm exists, development should begin.

5. Option H Sounder - Design and Breadboard of Critical Components:

With regard to the new soundcr, it is recommended that NASA immediately begin the design and
breadboard of critical componeats {(e.g., laser position devices, focal planes, coolers, etc.).

6. Option II Sounder ~ Contemporaneous Cloud Clearing Data:

Contemporaneous visible data at 1km IGFOV can be included in the sounder, but
contemporaneous IR is nof recommended for an instrument using a passive sadiator.

7 Option II Sounder ~ Aft Optics Design:

As discussed in Section 9.3.3, further analysis is required before committing to the aft optics
design based on the GOES L/M HSRS feasibility study. The performance of an.alternate design
replacing the common field stop with individual field stops in each focal plane but retaining the
in—flight adjust mechanisms and thermal control of the aft optics should be evaluated in light of
the reduced emphasis likely to be placed on band-to-band co-registration. This evaluation
should include an optical layout to demonstrate that the adjust mechanisms recommended in any
case can be physically incorporated within a reasonable aft optics volume.

8. Option 11 Sounder - Foreoptics Design:
This study has not addressed alternatives to the foreoptics design presented here. There are

potential advantages to an off—axis, three mimor type foreoptic which may far outweight the
larger volume which would be required relative to the Cassegrain foreoptics. The principal

128



advantage is that dircct illumination by sualight of the secondary mirror suspended on a high
thermal impedance spider is avoided, significantly easing the thermal design problem for three-
axis stabilized spacecraft. Second, the extended FOV of such designs is potentially coasiderably
better than that for Cassegrain or Gregorian systems, easing constraints placed on focal plane
technology. Third, the unobscured optics will result in less diffraction for a given optical aperture
than for the obscured Casscgrain. Further study should be caried out to select a prei iminary
design for the three mirror foreoptic and to determine the relative advantages of thes: two

approaches.
9. Opticn I Sounder - In-flight Band-to-Band Alignment and Temperature Stabilization:

The in-flight band-to-band adjustment mechanisms, recommended in any case, become
mandatory with the approach described i Section 9.3.3, also thermal control of the aft optics to
improve band-to-band cu-registration, is required.

10.  Option II Sounder - Fast Fourier Transform Performed on Ground:

The baseline signal processing approach is to sead the digitized interferogram to the ground
without performing any in-orbit signal processing such as the Fast Fourier Transform. The
communication subsystem can accommodate the required data rate within the existing spectrum
allocation, albeit at some increase in power requirements. It is the study team opinion that unless
there is overriding need to put this processor in the satellite, better reliability will be realized by
ground processing.

11.  Option II Sounder - 1km Visible for Cloud Clearing:

An approach similar to the Option I sounder could be used to provide 1km IGFOV visible for
cloud clearing for the HSRS used in Optioa II or Ill. The CCD array must accommodate the
specific focal length of the telescope and IR array size used in the HSRS.

12.  Option II Sounder - Radiometric Performance Improvement by Elimination of Astromast
and Annual Spacecraft Flip:

To enhance the Option II sounder capability, the GOES-N spacecraft concept is designed to
eliminate the solar sail parasitic heat into the passive radiatos, and the spacecraft performs a semi-
annual 180 degree yaw maneuver to kecp the summer sun off of the cooler. These two factors
allow a modestly sized cooler to be implewaented that operates in the 85K temperature regime.
The elimination of the Astromast (solar sail) will improve the instrument passive cooler operation
and improve the performance by lowering NEAT. The focal plane temperature modeled is 85K,
leaving quite a gap in performance against NOAA objectives. A 14 inch (35.6cm) optical
aperture is incorporated to provide some compensation for the relatively poor performance.
Increasing the collecting area is an cxpensive method of improving performance, due to the
rapidly increasing weight penalty and the need to maintain optical quality and scan efficiency of
the larger optics and scan mirror. Further increases in the optical aperture are not recommended,
since they would severely stress the technology for this instrument approach.
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It has been shown that the elimination of the solar sail and the incorporation of the half-yearly
180 degice yaw maneuver discussed in Section 10 yiclds confidence that the 85K operating
temperature used for performance modeling in Section 9.2.2 can be achieved. In fact, the study
results promise that further work in the cooler area is justified to achieve even lower opcrating
temperatures without resorting to mechanical coolers.

From the work of Annable of ITT, the current GOES-LJ,K radiative cooler design should be
capable of operating at a controlled patch temperature of 2bout 75K without modification if the
astromast is removed from the FOV of the cooler cone and if the spacecraft is flipped at
equinoxes to preveat sunlight from impinging on the shield/housing radiator and into the cooler
cone. From the work of Annable, an increase in the joule heating from added detectors in the
advanced sounder can be accommodated by increasing the size of radiators by a comparable
amount. One may 2lso want to consider the circular configuration of the radiators as proposed by
Annable but without the rotating sunshicld. Temperatures lower than 75K may be feasible, but
further study is required to consider methods to reduce the heat inputs by conduction and radiation
to the rear of the patch, radiator, and shicld/housing.

13.  Option II Sounder - "Venetian Blind Coverage":

With the focal plane array of Figure 9.3.3-3, for instance, a "vertical venetian blind" coverage for
IR pixels can be obtained by stepping the array in object space by three IGFOVs, rather than the
single IGFOV used for contiguous coverage. IR spatial fill factor of 33.3% wil! be generated, but
the contiguous 1km IFOV visible data necessary for cloud clearing will be available in the
background. Other possibilities are clearly available, depmdmg on what combinations of sparse
sampling modes are desired.

14.  Option II Sounder - Encircled Energy:

Achieving the requesied encircled energy fraction of 0.83 or better at all wavelengths implies
optimal system performance for a 30cm aperture and essentially zero despace tolerance. This
performance level can be obtained with margin given the larger aperture (35cm) and a suitable
instrument thermal design contemplated for the Option II sounder. For the Option III sounder,
even witk a good thermal design, there is no margin for error due to its 30cm aperture.
Consideration should be given to ecither relaxing the requirement for encircled energy to around
0.80 at 1.25 IGFOV or encouraging the use of a larger aperwre for the sounder.

8.4.3 Option Il Recommendations
8.4.3.1 Option III - Imager Recommendations

The Option III imager, will be an all new design using a GFRP structure, a two mirror scanner,
optical encoders, and >n extended focal plane. The two misrror scanner does not introduce any
image plane rotation with scanning so that it is feasible to lay the detectors for the varicus
spectral bands one after another (Figure 9.1.3-1). Because of the w.Jc angular extent
(approximately 0.15 degree) of the set of IR detectors the speed of the optical beam must be
slower, typically with an f# of 2 or 3. This increases the dctector noise, because larger detectors
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must be used, but the layout aliows for time delay and integration techniques by using more
detectors along the scan direction for those few spectral bands that requirc better performance than
can be achieved by a set of single detectors. This design also incorporates the spectral defining
filters directly over the detectors and does not use any beam splitters. This incrcases the
throughput so that more signal photons fall on the detectors and helps compensate for the
performance loss due to detector size. The co-registration alignment then occurs primarily during
the fabrication of the focal plane and in control of the telescope focal length and sample timing so
that the improved co-registration can be achieved.

1. Option NI Imager ~ Imager Phase-A Study:

A Phase-A study of the advanced imager should be conducted prior to Phase-B. The purpose is
to develop a data base which is sufficient to prepare the RFP and to prepare staff to menitor the
competitive, parallel Phase-B imager studies. At this point, the in~house information/knowledge
base is inadequate to initiate a good Phase-B contractual arrangement with industry.

2 Option III Imager - Passive Cooler Design:

The addition of more IR bands to the imager will be a significant impact to cooler design. A
detailed study is needed to quantify the required changes to add the additional IR bands. The
study probably should address the performance with the solar sail still in the FOV as well as
performance with the Option Il spacecraft attitude control system.

3. Option III Imager — Analytical Medel:

To insure thzt RFP performance levels are realizable, an analytical structural mode! of the
advanced imager must be constructed and its thermal/structural stability evaluated.

4. Option Ui imager — Sunshield:

Another improvement, extending the sunshade, does limit direct exposure to the sun, but more
work is required to dsv=lop an engineering design that keeps the sunshade itself irom being a
major heat load into the aperture cavity.

5. Option III Imager ~ Ground Resampling and Low Orbit Inclination:

As discussed in Secticn 9.1.3, implementation of the advanced imager depends on maintaining
low orbit inclination and/or ground resampling of the data for satisfactory performance. The
corresponding study tasks were not performed as part of the study. The study cannot be

considered ~omplete in this respect until the system impacts of these requirements are evaluated.

6. Option III Imager — Recommended Cloud Smeasing Specification Change — Same as for
Options | and II:

7. Option I Imager - In-fiight Channel-to-Channel Alignment and Temperature
Stabilization - Same as Options [ and II:
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8. Option Il Imager ~ NEAT Improvement by Eliminating the Astromast ~
Same as Option II:

9. Option HI Imager ~ Spacecraft Altitude Control ~ Same as Option 1I:
10.  Option UI Imager - In-flight Co-iegistration Mechanisms:

The RO2 navigation requirement for the imager of 2km (30) at 45 degree latitude comresponds v
a pointing knowledge of 33ur (7 arc seconds) at nadir. Indeed, the thermal modeling of the
instrument and spacecraft together shows that thermal effects give rise to diumal pointing
dislocations of the order of 1000ur peak-to-peak, necessitating the assumption of day-to—day
repeatability to enable image motion compensation for that effect as well as the effect of orbit
inclination. Thus, the effect o/’ diumal variations in temperature gradients on pointing of a single
IFOV in the GOES I-M system is quite large. As the aft optics design becomes-more complex,
the problems of obtaining and maintaining optical alignment become more difficult. In this
situation, depending on the susceptibility of a particular design and the requirements for co-
registration of the multiple IFOVs, consideration must be given to the use of in-flight control
mechanisms to compensate for the effcts of the lauznch vibration environment and possible
gravity release misalignmeats. Yerther, for differentiated optical systems, it may be necessary to
employ precise thermal control to avoid diumal or seasonally driven pointing errors between
IFOVs.

It is therefore recommended that an alignment mechanisin be incorporated to provide for in-flight
registration of the focal plancs, and that the aft optics be thermally stabilized to prevent diumal
and seasonal misregistration effects.

11.  Option Il Imager - Recommend Detailed Co-registration Study:

Specific approach-s for co-regis'ration of the focal planes have not been addressed in the siudy
since detaiied optical system dcsigns have not been performed for the developmental instrumeants.
However, several approaches might be employed. For simple adjustment of the lines of sight, a
tiit control of reflective optics such as a fold mirror in a particular optical path could be used, as
vras done in the TM design. Lateral shifts of such elements can also be used to obtain a single
degree of freedom in image location. Lateral shifts of optical elements with optical power, such
as a relay leas, present ancther possibility althoug: “he optical design is considerably more
complex. Much more difficult would be a lateral shit of the focal planes, particularly where
cooled detectors are involved. Mechanisins for implementation of the adjustments include “inch-
worms”, as used in TM, and motorized micrometers, as used in the enhanced TM. Further study
of the application of such mechanisms to the developmental instruments for GOES~N is
recommended for Phase-B.

12. Option il Imager ~ Use of Zero Temperature Coefficient Materials:
lmproving operations around local midnight probably should be addressed by major changes in

the design and materiais sclection used in ‘he imager and sounder, as has been recommended for
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both advanced instruments. These have beea estimates that tota) thermal distortion within the
GOES--! imager oould be reduced by au ocder of magnitude through this change, but they have
rot beea venfied by analysis.

The first significant change is the use of acar 2¢ro0 tecmperafute cocfficnnt materials and more
eficient structural geom<ay to improve the pointing errors induced by diumal thermal distostion.
In this manaer the dynamic range ©f correction fo1 these effects to be applied by the IMC
subsystem can be greatly reduced. More importanily, the noz--rcpeatable portion of the thermal
distortion, which cannot be cosrected. will aiso be reduced.  These changes are described in more
derail in Section 10.4.1.3.

13. Option Il Imager - Extcoded Focal Plane:

The second major change is the use of spatial sepwatioa of IR spectral chansels in a commooan
extended focal plane rather than the separatioa by beam splitters as implemented on GOES-L It
appears unlikely that the accuracy acd stabuiity of co-registration required for GOES-N can be
practically realized with the complex aft optics required by the beam-splii.cr aporo- &,
particularly a< onc adds more of the requested speciral bands. Figure 9.1.3-1 shows the exiended
focal planc proposed for GOES-N. With this extended focal plane, the fundamental co~ .
registration accuracy (within the limitations of the optical extended FOV) is determined by the
accuracy of the fabrication prceess used to assemble the focal plane, 2 more manageable problem
than mainiaining the mechanical stability of multiple beam splitter paths in the aft optics. Coe
beam splitter is still cavisioned to separate the warm and cold focal plancs, but this beamsplitter
has izcorporated precise thermal stabilization and an in-flight aligament adjustment m=chanism to
supersose the two focal planes in object space.

The warm and cold focal planes of Figure 9.1.3-1, while shown sepsrately, ar intended to be co-
registered in object space. The model includes redundant detectors .or all channels, which are not
shown in the figure, but would be obtained in the same manner as for Optioa II; ic., the detectors
arrays are doubled in the north-south dimensica The visibic channels are shown as 1km [FOV
channels, rather than the 0.5km requested {RO1). The higher sesolution is feasible in the
instrument, using time-delay integration (TDI) to achieve the required signal-io-noise, but has a
large impact on spacewraft communications and power and on ground processing. For this reason
the 1km IFOV was retaired in the model. A very similar situation exists with respect to the
3.9um channel where a 4km I[FOV is provided rather than the 2km requested since the required
NEAT is not compatible with a single 2km detector.

With extended iocal planes, the problems associated with image rotation inherent in a two axis,
single mirror scanner such as that used in GOES-I are exacerbated. It is preferable to climinate
the image rotation at the outset, which is accomplished by the next significant design feature of
the advanced imager, the incorporation of separate scan mirrors for the east-west and north~south
axes. The magnitude of channel-to—channel misregistration is proportional to orbital inclination.
Channel-to—channel registration within the spacecraft system to 14ur, as being attempted on
GOES-1, would require orbital inclinations no greater than 0.05 degree Alteruatively, since the
channcl-to-channel misregistration is deterministic the problem could be addiessed by resampling
the data stream in on-ground processing. Either approach appears feasible, although the image
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rc-sampling and coatinuous staticakceping studies proposed for other reasoas in Section 8.3 but
not funded &t the beginaing of tac GOES-N study should be cosiplcted for coanfirmation.

There is a problcur  with an extended focal glane when IMC corrections ae applicd 0 the scan.
East-west accelcrations can be compeasated for by dynamically adjusting the sampling rate ©0
naintain co-registration. Nortu-south accelerations will cause mis—registration *kat can be
compensated for by citlie. rotating the :mage dyaamically dering the east—wist scan, limiting the
maximum mclisatioc aaglc or rcsampl g the datz oa the ground. Dysamic rotatioa o.upersation
introdeces many uedesirable complicar~+~ 7o the design. Th~ approack sclected for Optioa III
is 10 keep the inclination below 0.05 degree. The approech s ‘0 cumrect the inclinstion error,
which grows about 0.002 degree daily, every day when th- xbeels arc beang waloaded from the
solar pressure effects that cocar Uecanse the Optios 11 spacecr+is does mot use a solar sxil.
Keeping the inciination dowa to these levels will keep this cffect 10 about Sur and allow the
performance projected in the table above. To maadtaim INR perfymance it will be'mecessary w
have coatinsous two station rangiog data about cvery 10 mimnic with an update of the orbit every
few bours. It should be noted that, with these small inciinatioas, the required IMC signals w0
compensate for orbita’ effects are very low and shioulu present nc problems 10 e pouting
sysicm.

8432 Option HI Sounder Reconumendations

The Option III sounder also utiiizes vhe Michelson approach, uses a aryo-refiigerator %0 achieve
focal planc temperatares in the 60K-65K temperature regime. and has a 12 inch aperture. k has a

significant performance advantage over the Option II srunder, but is coasidered %o have higher
nisk due to the lack of a demoastrated refrigerator lifetime in the current time frame.

Recommended Option 11 studies 1 through 14 listed in Section 8.4.2.2 aiso apply to the Optioa II1
soundes. Studies 15 and 16 below are wnique to Option N1

1s. Optioa MI Sounder - 2km IR for Cloud Clearing at Night:

The Option II! sounder uses mechanical refrigerators o provide the cooling of the IR focal planes.
The refrigerators proposed for the Option il sounder have sufficient capacity at a low enough
temperature to make technically feasible the inclusion of an IR array to provide a 2km IGFOV IR
detection system operating in the 3.8uum spectral region. This IR amray must steal-a little light
from the Short Wave spectrai region of the sounder and be imaged og az IR detector armay as
shown in Figure 9.3.4-2.

The IR array may be implemented as a linear or area array using an approzch similar to that
proposed fo: the visible cloud clearing deieclor arrays.

16. Option 11l Sounder - Mechanical Refrigerators:

The issue of the technical nisk of aryogenic refrigerator technology in the GOES program can oaly
be acdressed by observing the progress of the technology over the next several years. The NASA
Earth Observing Program is committing significant resources to develep refrigerators with 5 year
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life. This activity should benefit NOAA instrumentation 2 somc Umce in the future. In addition, a
British instrument will fly a cryo-sefrigerator wita a mmiti-ycar life within the next two years.

Withost positive results from these activities, NOAA shouid aot plan on using refrigerators ia the
operational cavirorment. However, if the mission requircsncat drives the need for focal plane
tcmpcratares below 80K, then this techaology will have to be coasidered. it may be possible to
design an interface that allows a passive radiator 0 be used imtially while later wmits use a
refrigerator 0 improve performance.

8433 Optioa Il Auxilicy Imager Recommeadations

The desire for an additional imager has beea ideatificd as an cohancement is the NOAA
document and as RE1S in this study. This full disk imager could relicve tx: conflicts for
obrervation time expected to develop with iacreasing mcsoscalc imaging roquiremeats if only the
basic primary imager were 0 be available. & vould also provide redundancy and asswre

continning scrvice if the priviary amager failed. The oaly explicit requircments in th- NOAA
doccment call for full disk imaging with sesolutions of Zkm in the visible and 6km = the IR

1. Option [l Anxiliary lmager — Phasc-A Suidy:

A Fhasc-A study of the auxiliary iriager shorid be conducted prior to Phase~-B. The purpose is
w0 develop a data base which is sufficient 10 prepare the RFP and W prepare stzff 0 moaitor the
is inadequate to initiste a good Phase-B cootractual arangement with induastry.

2 Option Il Anxilizry Imager — New or Modification of GVHRR:

An additional nstrument to provide these capabilitics could be bailt based on 2 aew design or on
the ATS-6 GVHRR and INSAT heritage. The INSAT VHRR s still m production at ITT and
served as the p.imary basis for the estimates of the auxiiary imager for GOES-N. Significant
modification f the instrumesd in the optics, detectors and signal processing are required i that
the INSAT resolutions are 2.7Skm in the visible aod 11km ia the IR. Farther nsodifications are
requured o the INSAT umager to meet the INR requirements of GOES-N. The auxiliary imager
can be an upgrade of the GVHRR oa the INSAT, but major design changes arc needed 0
incorporaie the INR cepabilitics that are now part of the GOES. These changes would be low
nsk, bat wouk! incur moderate noa-recuiTing expenses.

3 Option lil Auxiliary Imager - Double Imaging Rate of Primary Imag=r and Time Share it
With Auxiliary Imager:

This is 2 proposed aliemate approach to achieve the functional capabilities of the auxiliary imager,
Enhancement RE-15, with a low cost, light weight modification of the GOES I-M imager (for
any spacecraft option) that will provide the full spectral, radiometric, and INR capabilitics of the
primary imager with enhanoed redundancy in the primary imager.
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The basic coacept is 1o provide “coatinuous” full disk capability as well as small secior capability
by making the prim> * imager bave twice the coverage rate of the present imager and time
sharing the sysicm on 3 predefined schodule so as to provide full disks every 30 minutes, and
have no timc discontinuitics in the data wsed for wind detcrmination.  (c.f., Sectioa 9.1.43 for
additioaal imformation.)

The imager’s coverage rate will be doubled by adding 8 visible detectors 0 the present 8 detectors
(a2s has been doae for the Optioa M1l imager already) and activating the redundant IR detectors that
arc already i the focal plioc and adding the mecessary amplifiers, - sultiplexers, ctc.  This will
allow the imager 10 sicp 16km north—south after every line rather than the preseat 8k,  The
cast—west scan rate will remain the same.  Assuming that the cooler can be modified 10
accommodate the extra heat load, the radiometric aad geometric performance wili be wachaaged
from the preseat capabilitics. This will, of course, double the data rate from the instrumceat.

-

8434 Ogptioa I Night Visible Operation Recommendations

The scasor is conceived 10 use a 1000 x 1000 pixel solid-state imaging device with an F/3 optic
(6cm apertmic). The IGFOV of cach clement is Zkm.  The following signal-%0-soise perfonnance
can be provided:

This seasor would be smaller than the lightning mapper ipstrument and bave better resolution. It
may be possible 0 modify the lightaing mapper 10 provide this capability through a separate focal
planc using the same optics. However, the preseat coafiguration places the baadpass filter for the
lightning evemt detection in froot of the optics 10 be able to achieve and maintain the

samrow spectral bandpass. [ the filter remains i us pesition, thea modification of the lightning
mapper s ot recommended and a scparate seasor should be developed. The techmology risk is
low.

Night visiblc can be implemcated in a low risk technology using solid-state imaging arrays in 3
separate seasor designed for this purpose. Modification of the lightning mapper is rot
recommended Gue (o the impact to its implementation.

1 Optioa II1 Night Visible Phasc-A Study.

A Phase-A study of the night visible seasor should be conducted prior o Phase-B. The purpose
is w0 develop a data base which is sufficient to prepare the RFP and to prepare staff to monitor the
competitive, parallel Phasc-B night visible seasor studies. At this point the in-housc knowledge
base is inadequate to initiate a goxd Phase-B contractual arrangement with industry.

85  Coawol Sysiem and Image Navigation and Registration (INR) Design Consideration
Recommendations

85.1 Introduction and Background

The major GOES-N study issue, considered the significant study shortfall, is the lack of GOES-!
flight performance data to substantiate the INR nerformance concept.  Without GOES-I
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performance data o substantiste the LAS derived INR performance budgets, the GOES-N
Optioa | performance budgets arc saproven. In coatrast, the Optioas I and 11l designs are oa
somewhat firmer ground duc to the expericace gicaned from the I[UE, SMM, HST spacecraft and
the Ultraviolet Imaging Telescope (UTT)/Astro Obscrvatory.

To minimize the design risk associated with achieving INR requirements, the use of proven
sechonlogy for cach clement of the design was used as a guideline. As a result, even though the
proposed design has acver beea implemcated for a geosyachronous carth pointing spacecraft, the
recommended star trackess, reaction wheels, etc. 2ad the design concepts all have beea provea oa
other spacecraft.

Since the Optioa | spaceza®t was defined 0 be 2a evolution of the GOES 1-M series (which falls
coasiderably short of achicving NOAA's Optional and Eahanced INR require:neats), it was
decided that the Option II and Il contmi subsystem desigas were not 0 be coastrained (except
for the use of flight pruven clcaucats).

852 Optioa [ - Coatrol and Pointing System Recomm:ndations
8521 Ogption I - Sr~1 Redandant Reaction Wheel for (aw Control

The Optica 1 spacecraft will retain the basic three-axis, momentum bias configuration of
GOES I-M. Two large momentum capacity wheels arranged in a V-shaped coafiguration
provide gyroscopic stiffness and primary costrol torque capability along the spacccraft pitch and
yaw ;xe<. In the event of a failure of cither wheel, the remaining yaw control woald be
inadequate.  For redundancy, therefore, it is recommended that a smaller, 2 ft-lb-sec reaction
wheel be mounte.i along the spaceaiaft yaw axis «w replace the yaw component of either of the
momentum wheels.

85.22 Option I - Improved Earth Sensor Notse Characteristics

It is recommended that modifications be made to the GOES 1-M carth seasor to improve the
noise characiesistics by a factor of about 1.4. The noisc of the preseat seasor is quite high as
compared to the expecied spacecraft end—to-cnd performance. Predicted performance of the
Option [ svstem is slightly improved over the GOES I-M system. All of the improvement is due
0 the inclusion of an impioved carth seasing system in the Option [ design which leads to a
reduction in attitede stability airor.

853 Optioas II and [1I coatrol and pointing system recommendations

Listed in the following table are all of the design changes recommeaded for Option I, which are
also incorporated into Option [II aoag with additional Option III instrument improvements:
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Table 8.5-1 Optioa V111 improvements with respect to Optlioa VGOES-1

AREA OF CHANGE

IMPROVEMENTS

OPTION I -

tat amt .

STAR TRACKER/GYRO

SPACECRAFT JITTER
YAW CONTROL

ZERO MOMENTUM BIAS/REACTION

DYNAMIC INTERACTICN
STATIONKEEPING RECOVERY TIME

OPTICAL BENCH

THERMAL DEFORMATIONS, STRUCTURE/
MODAL FREQUENCY PERFORMANCE

SPACECRAFT MOTION
COMPENSATION REPOINTING

REALTIME MIRROR COMPENSATION (FOR ALL
DYNAMIC INTERACTION)

.'.

INSTRUMENT SERVO - 3° OPTICAL

IMPROVED INSTRUMENT POINTING

SOUNDER REDESIGN

THERMAL DEFORMATIONS, STRUCTURAL/
MODAL FREQUENCY PERFORMANCE

BIANNUAL YAW FLIP

IMPROVED OCOOLER PERFORMANCE*

Wcmh-ﬁ ’\:-;,'hw : 5
B "!ﬁ?ﬂn—?*‘h TN TEA T E T

_4: LRI
i

INSTRUMENT REDESIGN -
IMPROVED INSTRUMENT POINT'NG
5° OPTICAL ENCODER

THERMAL DEFORMATIONS, STRUCTURAL/
MODAL FREQUENCY PERFORMANCE

INSTRUMENT FOCAL PLANE
COOLING REFRIGERATCRS

SIGNIFICANTLY IMPROVED FOCAL PLANE
TEMPERATURES/DETECTOR PERFORMANCE

A R

BIANNUAL SPACECRAFT YAW FLIP WILL NOT BE REQUIRED FOR OPTION M

BECAUSE A MECHANICAL REFRIGERATOR AND REDESIGNED IMAGER ARE

USED
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8.5.3.1 Optioas I and Il - Sta: tracker/gyro inertias refcrence system

It is rccommended that the Option /I spacecraft utilize an inertially referenced system, using
star trackers and very stable gyroscopes 10 maintain the spacccraft attitude in roll, pitch and yaw.
The advantage of this implementation over the GOES [-M carth refereace, carth seasor system is
2 significant reduction in jitter. Also, *he pitch axis is maintained paralle]l with the carth’s north—
south axis throughout the orbit. However, since this inplementation is not an carth refercace
system, it is more seasitive to ordit crrors, requiring better orbit determination.  As a result, two
remote sites %0 receive ranging Jaia contained in the processed data stream. will be required.
These sites could be uamanned or be located at sites that already receive processed data.

1.  Opionas I and I - Three star trackers:

‘The recommended subsystem utilizes 3 star trackers spaced at 120 degrees around the pitch axis
and canted down 35 degrees from the celestial pole. Failure of a single star tracker oaly causes
sligh attitude perform=nce degradat.on; ths, full edundancy is maintained for this configuration.
Candidate trackers include the Ball Aerospace CT-601, the Hughes Danbary ASTRA-II, and the
Jet Propulsion Labcratory (JPL) ASTROS tracker.

2 Options II and I - Redundant Inertial Referenc. Units (IRU):

The recommended IRU is the redundani Dual Redundant and Inertial Reference Unit (DRIRU II)
which has been flown on a number of spacecraft. The DRIRU I inc-tial reference unit developed
by Teledyne was sclected for its excellent drift properties and extensive flight heritage.

3. Options II and Il - New attitude control electronics (ACE) equipment:

The ACE proposed for GOES-N is based on the Small Explorer Data System (SEDS) computer
developed at GSFC for the small explorer program. The SEDS uses an 80386-based processor
with an 80387 co—processor operating at a clock speed of 1€ MHz. Data input/output (1/0)
functioas between the processor and the seasors and actuators are performed using the MIL STD
1773 data bus architecture.

8.5.52 Options II and IIl - Zero momentum bias/reaction wherls

A sct of four reactiou wheel- is the recommended torque actuation system for the on-orbit mode.
In contrast to the Opuon I system, the wheels do not provide a momentum bias to the spacecraft
but operate near the zero momeatvm coandition. The wheels are set in a pyramidal arrangement to
provide redundancy. .

8533 Options II and III - Optica1 beach

It is recommended that a spacecraft designed to acconimodate an optical bench (e.g., Hughes
HS-601) be utiiized for the Ogticn II/ill payload. The bench would be made of a low thermal
conductivity honeycombed {for suffness) mateiial which would be loosely coupled to the

spacecraft body to minimi~e thermal and mechanicai load paths. The bench is a precision pointed
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platform oa which all anitudc scasors and the mission scasors arc mounted in close proximity,
thercby minimizing alignmeat variations between the instrument focal plane and the star
tracker/gyro system.

85.3.4 Optioas 1l and Il - Closed loop seasor mirror servo control system

It is recommended that the Option I/GOES I-M open loop mi-ror motioa coatrol (MMC) be
replaced by a closed loop seasor mirror controd system. This uses the realtime ermror signal seased
by the star tracker/gyro 0 correct for any higher frequency mispointing errors that cannot be
compeasated by the contro! system, resulting in improved pointing and image registration.

1. . Optioas Il and Hl - Feed-forward compensation filter “or sounder servo coatroller:

In order to improve the sounder step and settle performance, a pre-filtering/ffeed forward
compenstion scheme is recommended.  The purpose of feed-forward cumpeasation is to improve
the cdosed-loop system's slow respoase (in situations where low bandwidth is required for
stability) to achicve faster response to a2 command signal.

2 Optioas Il and III -~ Digital sounder servo controlier:

It is recommended that the servo coatroller design be digital. The major benefit of a digital
implementation is its ability to be tuned on—orbit. This reduces the risk of degraded sexvo
pointing performance duc to str-ctural mcde frequency shifts that may result from launch

85.3.5 Options II and [l - Optical encoder mstrument mirror drive systems

As for Option L, the usc of optical encoders is recommended for the Option I and Il instrument
mirror drivers. For the Option II and Il sounders and the Option IIT imager the use of a S inch
disk catical encoder is reccommended.  For the Option 1T imager, which is a derivative of the
GOES I-M, a 3 inch disk cpical encoder is recommended to avoid forcing a major instrament
redesign. ‘Therefore, the optical excoder becomes the seasor of choice for the redesigned
instrumeats of Option II and III due to its improved accuracy and resolution, reduced electronics
seasitivity (especially to noise), and reduced cost.

85.3.6 Optioas I and III ~ Use of Graphite Fiber Reinforced Plastic (GFRP) material in the
Option III imager and Option II/111 sounders designs

It is reccommended that the sounders be redesigned using GFRP matenal in an atter ~t to reduce
the structural control interaction difficulties found in the GOES-I design. This new sounder
desien will produce a stiffer instrument that is also much lcss susceptible to thermal distortion.
The mechanical configuration of the new design may employ either a two mirror system or a
single mirror two axis scan assembly, depending on the results of future study of these concepts.
The new configuration will still have motors and shaft angle sensors on opposing sides of shafts,
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because it was found that locating them on the same side aggravates stability problems of the
scrvo.  The Option 11 imager, which has a less demanding scan profile than the sounder, will
cmploy the same structurc that will be used in GOES-1. In Optioa I, the imager structure will
also be redesigned using GFRP material.

GFRP materials are recommended to raisc the lowest frequencics of the structure and increase

The GFRP design conccpt was also motivated in part by a desire to minimize thermal effects on
instrument pointint GFRP has a cocfficient of thermal expanasion that is an order of magnitede
less than that for beryllium or aluminum. Aa instrument redesign employing GFRP maternial can
therefore be expected to exhibit less thermal snapping and cyclic deformation than the GOES-1
design.

8.53.7 Optioas Il and III - Twice per year yaw rotation

As a means of further {owering the passive cooler operational temperatures by reducing the
amount of reflected heat from the sun, it is recommeaded that the spacecraft be *flipped” <bout
the yaw axis biannually. Large angie slew mancuvers have been performed or all inertial
pointing spacecraft and, therefore, yaw rotation is coasidered a safe procedure.

8538 Options I and I - Elimination of solar sail and trim tab

It is rerommended that the Option II/ITl spacecraft not have a solar sail and trim tab, which results
in an improvement in the passive cooler performances. Thruster firings will be used about oace
per day to unload the whee! momentum resulting from the absence of the solar sail and trim tab.
These thruster firings will be = 0.5 seconds in duration from two S pound thrusters; and the
improved control system will accommodate these firings without an interruption in service. The
solar array will be redesigned to move the ceater of pressure closer to the spacecraft body to
reduce the solar torque effect.

85.39 OGptions II and Il - Continuous stationkeeping

It is recommended that the spacecraft inclination be maintained within tight limits by increased
thrus'er firings for continuous stationkeeping, thereby minimizing the magnitude and rate of
chauge of the required IMC correction. As a result, larger instrumeat focal plane arrays can be
uscd s a means of minimizing the time required for fabrication and alignment.

8.5.3.10 Option Il focal planc refrigerators

A Stirling cycle cooling system modcled after the units planned for the AIRS wnstrument on EGS
is recommended for the Optior: III sounder focal plane cooling. One par of these units operating
simulianeously is required for normal operation. For redundancy two pair are recommended.
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8.5.4 Recommended Pre—Phasc-B additional studies/rescarch
8.5.4.1 Recommcaded Studics

The following list summarizes the INR rclated studies/investigations that are recommended to be
completed before the stast of the Phase-B cffort:

Dynamic interaction

Attitude coatrol - cphemeris uncerstainty

Attitude coatrol

Seaiannual 180 degree spacecraft yaw flip

Servo performance - two mirrors, GFRP structure
Optical bench

Wheel mouats

A brief description of the purpose and cxpected results of cach study is provided below:
1 Dynamic Interaction Study:

The purpose of the dynamic interaction study is to determine the impacts to the spacecraft
coatroller resulting from a S&R interferometer, a mechanical zefrigerator, and solar pointing
instrument motion. A primary effort in this study is the development of a spacecraft structural
model, which can then be tailored to determine the dynamic interaction effects of a S&R,
refrigerator and solar pointing instrument motioa.

The primary coacems with the S&R interferometer are the potential for thermal snapping and
potentially undesirable modal frequencies. For the mechanical refrigerator, the normal pumping
motioas would be investigated to determine the iinpact on INR performance. Similarly, the
modon from solar pointing instruments nzeds to be cvaluated to determine the effects on the
spacccrast pointing.

2 Atitude Control — Ephcmeris Uncertainty:

The etfects of orbit determination uncertainty need to be further analyzed to determine the
performance degradations resulting from ranging at candidate sites selected by NOAA. This
analysis wouid be done parametrically to assess the uncertainty based on the use of different sites
and different ranging accuracies associated with different implemeatations.

The placement of thrusters to eliminate/minimize coatamination of both instruments and coolers,
while providing the capability to unload the daily whexl momentum buildup, needs to be carefully
evaluated. As a part of this effort, the capability to use the daily wheel unloadings to also provide
continuous stationkeeping would also be examned. [If this is determined to be impractical,
separate thruster firings for nearly continuous stationkeening would be evaluated.
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If the usc of thrusters for continuous stationkeeping is not fcasible, it will then be necessary to
cvaluate the usc of resampling as a means cof providing fixed grid images with a Jarge focal
plane. That is, cither coatinuous stationkeeping to keep the inclination within tight bounds to
minimize IMC ratc changes or resampling is required to support the IMC corrections needed for
fixed grid images whea a large instrument focal plane is used. Note that resarapling will be
studied oaly if some form of coatinuous stationkeeping is not practical.

However, it is strongly reccommended that resampling also be cvaluated, because of its potential to
correct or mitigate unexpected problems. An investigation of resampling would include an
assessment of how (o best combine the INR resampling requirements with current NWS
resampling acivitics to provide different map projections for users. IMC rate changes or
resampling is required to support the IMC corrections nceded for fixed grid images when a large
instrumeat focal plane is used.

3. Attituds Control:
The needed attitude control studies are:

° Simulations of housckeeping/stationkeeping maneuvers to ensure that recovery times are a
fraction (% or less) of an hour

o Further investigation of an Attitude Control System (ACS) interferometer to determine if
(c.g., geographical locations to mitigate weather effects, obtaining a frequency allocation)
and a more cost effective apprcaca than star detectors; if it is, then the study will provide
an evaluation of an interferometer for providing the ephemreris

° Refineraent of the impacts of magnetic coatrol on spaceciaft weight and power

° Detailed definition of the control system and instrumeant interfaces

° Description of the ACS computer and system bus

4. Semiannua! 180 degree Yaw Axis Flip (Star availability):

This procecure to provide the lowest passive cooler temperatures, requires tha’ an in depth
analysis of star availability in both the northern and southern hemispheres be performed to ensure
the required availability of stars.

S. Servo Performance for a Two Mirror, GFRP Instrument:

An analysis of the servo performance that is obtainable for an instrument with two mirrors and
designed with GFRP is nceded. This analysis would first develop a structural model from which
the overall servo performance could be determined. The thermal performance of the new structure
also needs to be determined.

6. Performance of an Optical Bench:

The determination of the performance of an optical bench requires that both a structural and
thermal model be developed for the propesed types of mountings.
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7. Evaluation of Wheel Mounts:

A tradcoff comparison study between wheel soft mounts and magnetic bearings is required. This
study will result in the selection of the best reaction wheel mounting scheme for GOES-N
considering performance, risk and cost.

8.5.4.2 Recommended Research

In order to achieve the within—frame and frame-frame registration requiremeats of 14 pr a
significant change in the instrument design will be required to overcomc the current efror sources.
Study results have shown that the primary error in the within~frame registration is due to the
instrunient poin‘ing and for the frame-frame registration is due to thermal vzriatioas.

One approach to reduce both these errors is to provide real time error position sensing through the
instrument.  This technique is an adaption of the approach used on missions that require very
accurate pointing/registration such as HST. The adaption is necessary to extend the technique
from fixed pointing applications (c.g., staring at a star) to imaging the carth. Conceptually, this
approach continuously determines the difference between an carth reference signal (e.g., a beacon)
at a known location and the expected pointing position of the instrument with respect to that
reference signal. By nearly continuous monitoring of the measur=d (observed) difference between
the known signal and the rurrent pointing pus.. 2 "continuous” pointing error can be developed
that is referenced to the ecrth. This error generat.  is analogous to the generation of a servo
error using an Inductosyn encoder or optical eacode:, except that the feedback path and error
signal are pow referenced to the earth and include the pointing errcr. Like any closed loop servo,
errors in pointing due to many causes (e.g., thermal effects, instrument pointing) will be
attenuated in near real time.

For the near term, it is recommended that a research and development effort be initiated for an
instrument concept with the capability to nearly continuously sense the position of an ea‘th beacon
at a known location and determine the error ir pointing, if 2ny, with the desired pointing position.
One approach based on current technology would use a 1000 x 1000 cor a 2000 x 2000 visible
detector array in the instrument to continuously monitor the location of a beacon. The array(s) in
the near term would not be used for imaging.

For the long term, the c:velopment of large visible detector arrays to both image and be the
sensor portion of the pointing error detection should be undertaken.

8.6  Space Environment Monitor (SEM) Recommendations
8.6.1 Spacc Environment Monitor (SEM) Overview
The GOES I-M SEM includes a magnetometer, an EPS, and an XRS. Options 1 and 11 contain a

magnetometer, an improved EPS, an XRS, and an SXI. Option NI is configured thc same as
Options I and !I with the addition of an SVM/Hal and an EUV.
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The requirements for the magnctometer and the full disk XRS are unchanged from the specified
performance for GOES-I. Because the existing instruments are expected to meet those
requircmients, no effort has been devoted to alternate instrumentation approaches.

Addition of the SXI, the EUV Spectrometer, the SVM/Hal to GOES-N would result in a
dramatic increase in the solar obscrvation capabilitics of GOES-N relative to curreat spacecraft.
The spacecraft solar observation nlatform was sized to accommodate the core XRS and SXI
instruments and one other significant (i.c. 20kg class) solar observing instrument. The SVM was
arbitrarily selected for inclusion in the Option III spacecraft model because more definitive
information was available at the time than for the other solar observations and because it appeared
feasible to incorporatz an Ha imaging mode in the scme instrument, thereby partially covering at
least one additional require:aent.

8.6.2 Options Il and II] - Magnetometer system considerations

GOES-N will undoubtedly have more sources of magnetic interferencc; therefore attempts should
be made to reduce the signature of as many sources as possible. Partly for this reason, it is
recommcnded that Option II and IIl spacecraft magnetic torquers be replaced with thrusters for
reaction wheel unloading. A six meter magnetometer boom is also recommended. At six meters,
and with no magnetic torquing, the magnetometer data on GOES-N should be free of any
significant spacecraft field contamination for the first time in any GOES spacecraft.

In order to avoid problems with multiple boom segment deployment and stability, Astromast style
booms are recommended.

Long deployable booms cause concern with regard to the stability of the frame of reference fo.
the magnetometer and with the dynamics of the flexible spacecraft structure. Therefore a study of
interactions of the attitude control subsystem with a flexible spacecraft structural mode! is
recommended.

The spacecraft level zero field magnetic test requirement should be restored, at least for the
qualification spacecraft test. Boom and sensor packages must be acceptance tesied separately in a
zero field test facility (including post perm/deperm tests) to verify the magnetic stability of the
sensor assembly.

8.6.3 Options II and III - Solar pointing platform - Attitude Control System Interactions

‘The Option II and Option III attitude control system concept, with its on—board sensing and
correction of spacecraft motion, should allow stepping the solar pointing platform by the requireu
16 or 32 arc minutes to allow the image of the solar corona to be generated, followed by an
immediate retumn to the solar disc monitoring mode. The impact to the XRS and the SVM should
be negligible. However, the dynamic response of a flexible spacecraft model to this stimulus has
not been modelec, nor has the stability of the system even in the absence of such suwili.
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Recommended with regard to the solar pointing platform arc studies including: preliminary
clecuomechanical and structural SPP designs, stability and pointing performance analyses for both
earth and solar viewing instrument platforms, aad development of interface sperifications.

8.6.4 Options II and IlI - Encrgetic Pasticle Sensor (EPS)

Perform EPS energy deposition analysis in the current telescope/dome/High Energy Proton and
Alpha Detector (HEPAD) to confirm logic, thresholds and enesgy/atomic number separation
performance for the Z=3 channels. Study a separate time—of-flight EPS sensor to monitor alpha
particle tlux for 30keV/n to 800keV/n alpha particles.

The Medium Energy Proton/Electron Detector (MEPED) which is included to provide coverage
above 30keV only has two defined directions. The rather broad acceptance angle of the MEPED
insures the integrity of the measuremen, Le., there are uo broad dircctional components of the
population which are not sampled by the instrument, out the pitch angle resolution- obtained is
correspendingly coarse. This issue should be revisited by the NOAA to clarify the requirements
for spatial resolution in this energy regime.

8.6.5 Option Il - Solar Vector Magnetograph (SVM)

The SVM is by far the most technically challenging of the enhancements under consideration for
the GOES-N SEM. Several design requirements involve technical requirements at the state-of-
the-art for optical system design. A Phase-A study is recommended for the candidate
instrumeats considered.

All measurements must be taken within the spectral bandwidth of the magnetically sensitive
resonance line, which requires realization of very narrow spectral bandwidth fil*~rs in the
measurement instrument. A number of alternative approaches bave been proposed, some of which
have been flight and/or ground proven, and others more developmental. A more -detailed study
should be conducted 10 select the bes. cost/risk/performance alternative. ’

The Solar Heliospheric Observatory (SOHO) Michelson Doppler Imager (MDI) fits into the
allocated volume, but significantly exceeds the aliocated weight. A more thorough modelicg of
the optics and electronics associated with the SVM for GOES (which does not require all of the
optics and elecronics included in MDI) must be done before committing to a system design with
the weights allocated as in the spacecraft model.

8.6.6 Option il - Extreme Ultraviolet (EUV) Spectrometer
The indication is that a multiple sensor package can be defined which would be compatible with
the weight and volume available as a replacement for the SVM. An extensive SVM/Hal

development in-fiight calibration program would be necessary to achieve the 5% calibration
requirement. [f SVM/Hal cannot be developed, the EUV spectrometer provides a fallback sensor.
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In view of the lack of coafidence in achicving the required absolute calibration accuracy of the
SV'i.JHal, it is recommended that the EUV requircment for GOES-N be addressed by a single
small prazing incidence spectrograph covering the spectral range from perhaps 100 to 1200A. A
combination of stellar calibration and sounding rocket under—flights would be used to maintain the
absolute accuracy. A program W .. vclop small, low powes, reliable in-flight calibratioa sousces
to caable improving the absoluie accuracy of EUV measurcments (£5%) is reccommended.

86.7 Options L II, and Il - X-Ray Sensor (XRS)

Confirm in-flight performance cxpectations on GOES-1. Develop concepts for botesighting the
XRS to oiher so'ar observing instraments.

868 Options I, li, and Il - Solar X-Ray Imager (SXI)

1. Ferform an SXI detector trade-off study to identify the preferred approach.

2. Prepare a specification for the SXI grazing incidence mirror and obtain cost/schedule
quotes from potential supplicrs.

3 Perform preliminary SXI thermal/structural desiga and materials seiection for metering
structure and evaluate thermal effects on optical system performance.

4. Perform preliminary SXI data processing electronics design and update power estimates.

S. Update SXI mass estimates.

869 Space Enviroament Muaitor (SEM) - System Coasiderations

Substantial additional analysis is necessary tc predict quantitative performance expectations for the
instrument concepts in such areas as (1) the seasitivity, spectral resolution, total specical range and
calibration accuracy of the EUV Spectromcter; (2) scasitivity, MTF, signal processing analysis
and algorithm validity analysis for remotely scased solar magnetic fields (and Ha images) for the
SVM/Hcl; (3) atomic number and caergy band discrimination capability and contamination
analysis for the desired heavy ion analysis in the EPS; and (4) detailed ¢ -ical pesformance
analysis an-* detector performance ard reliability dade off for the SXI. In most areas, however,
the desired performance levels are comparable to or less than that achieved by or specified for the
prototype instruments which have been surveyed. A potable exception is the absolute calibration
accuracy of the solar EUV monitor.

8.7 Search and Rescue
8.7.1 Options I, II, and IIl - Search and Rescue

User identification embedded in the distress beacon transmission relayed through the GOES
spacecraft will provide information that might help in pinpointing an arca where the distress
beacon was activated. But without a pesition location capability (or coordinate data embedded in
the beacon message derived from a navigation system), dctermining the distress beacon's position
would still require a Soviet Ministr of Merchant Marine (MORFLOT) Search and Rescue Space
System (USSR)/Scarch and Rescue Satellite (COSPAS/SARSAT) flyby.
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The desire w reduce lost time waiting for a QOSPAS/SARSAT passby 0 locaic an active distress
beacon is the reason for providiag 2 iocatica capability on geosynchrouous spacecraft. However,
geosynchronous spacecraft are not the toial answer. The 2cro clevation aagle for geasynchronous
spacecraft occurs at about 80 degrees latitude, meaning that polar coverage cannol be provided
ocoverage, but on the order of six spacecraft would be aceded for adequate coverage at latitedes
above 60 degrees. An altemative 0 using geosynchronous spacecraft is to deploy 3 coastellation
of low carth ocbit dedicated OOSPAS/SARSAT spacecraft to provide more frequent coverage.
Anather, but less desirable, altc.native is o require that vehiclcs have on-board aavigation
systems interfaced to the distress beacon transmitter providing updated positica data. In the event
the distress beacon is activated, the latest position would be available %0 rescue teams.

8.7.1.1 Secarch and Rescee Interferometer

The S&R interferometer vwas not incloded in the Option I cost analysis. It was studied for
technical feasibility oaly.

An wnterferometer was proposed for use on geosynchronous spacecraft. NASA Techaical Repont
2907, Geostationary Position Location Alternatives for 406 MHz Distress Beacors, dated
March 1. 1990 describes an interferometer requiring two booms providing ten meter long
orthogunal baselines, each with two antennas to receive distress beacon signals. An associated
va-board clectronics package would compuic the difference in phasc between the signals received
by the various anteunas. The pha<e nformation would be downlinked to the S&R system receive
station on the ground for computation of the vosition of the transmitting distress beacon and
distribution of the position information to the United States Mission Controi Ceater (USMCC).
The interferometer described in the report would provide a prsition location uncertainty of about
50 kilometers at the subsateilite point, with the uncertainty increasing with latitude. However, by
averaging phase difference information over multiple distress beacon message transmissions, the
position uncertainty would be reduced by the square 100t of the number of messages over which
the measurement is made.

A follow-cn NASA study, GOES~N Search & Rescue Interferometer Feasibility Study, dated
January 14, 1991 investigated the feasibility of implemeating an interferometer oa tke GOES~N
spacecraft. Quoting from the conclusions presented in this study, *... A 2er0 momentum active
ACS for GOES-N can accommodate tac necessary appendages for the S&R interferomeier.
There does not seem to be any major show stoppers that would prevent the S&R interrometer
implementation cn the GOES-N with the active ACS option [Cption Il and I spacecraft]. This
does not imply that it is easy to do. A coaclusion that may be drawn from this study is that the
GOES-N mission is already a very difficult and challenging oae, and the addition of the S&R
interferometers docs not add substantially to this challenge. Further study is recommended to
refine the system parameters and spacecraft impacts in terms of power, size, weight, and
antenna/Astro:nast stowage configuration...”

As a result of discussioas at the third quarterly GOES—-N study review, a S&R interferometer was

incorporated into what was to be an additional spacecraft option (Option 1ILA) to be studied after
the GOES-N study was completed. As a result of that agrecment, the st iv team conducted an
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indcpcadent analysis of the position location problem and developed an altemative coafiguration
that did not roquire loag Astromast booms. The position location acceracics computed for this
coafiguration were on the same order as those in the NASA stady.

The feasibility of the 406 MHz S&R system has been adoquately proved via experiments
oconducted using the GOES-7 spacecraft. The usc of isterferometers foe determining the Jocation
of destress beacomns from geosyachronous orbit. on the other Sand, has not been testod. The
conceptual stadics performed t0 date indicate that the tochaique should work, and that more study
and a flight experiment are warranted. The sindy tcam belicves. however, thai the GOES
program, with its stringent pointing and stability requiremeats, is not the appropriate vehicle for
this rescarch.  Furthernore, before proceeding with additicnzl developmeat of a» imtcrferometer, a
tradeoff analysis sihould be pesformed to determine whether or not a coastellation of small,
dedicated, low carth orbiting satelliges, *~uick would provide global coverage would ot be a more
cconomical soiution.

88  Weather Facsimile (WEFAX)
881 Ogtioss Il and MI — Weather Facsimile (WEFAX) Sccond Analog Channel

The push woridwide is to phase out analog WEFAX in favor of digital WEFAX, with the late
1990's as a target date for NOAA. The second analog WEFAX chamnmel therefore, appears .y be a

882 Optioas Il and Il - Weather Facsimile (WEFAX) Edlipse Operation

Requirement for operation through eciipse may be very weak. NOAA should give this
mmmdmmxghmdaxmbmdmhgcuwmdnmﬁwm

and storage system. Any reductior in eclipse operation will result in spacecraft platform weight
and cost reduction.

883 Opsions 1 and Il - Weather Facsimile (WEFAX) Transmitter and Spare Unit

Hughes Aircraf Company (HAC) sclected a separate transmitter per chanael approach and LAS

selected a singlc transmitter approach. Both approaches have their merits although it appears that
the single transp.iver approach is better for four channels from a weight and spacecraft complexity
standpoint. For this rcason we baselined a single transmitter plus spare for the cost study. It the
sccond analog channel is dropped, the differcace between the two alternatives would be less. Our
recommendatior: is that ‘t should be left to the spacecraft manufacturer to decide which approach

to implement after appropriate analysis and project office review.

We would also rccommend tigitening the S-band receive anteana gain—to-temperature ratio

(G/T) specification from the GOES-I value of -25dB/K to the GOES-I predicted value of
about ~15dB/K. This vilue appears to be easily met with current technolcgy.
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89 Data Collcction Systems (DCS)
89.1 Options I, Il and NIl - Data Collection Systems (DCS) Chanael Interference

Locating DCS interferers from geosynthroaous orbit would be a difficult undertaking, requiring
an inlesferometer approach similar o that proposed for the S&R system. Givea what appears to
be a low priority placed on locating inteiferess and the large effort that would be required to
implemcsat a location scheme, it was decsded not worthwhile to pursue interference location.

892 Optioas L 1, ané I - Data Collection Platform Respoase (DCPR) Link Performance and
System Impacts

The principal change to the DCS in the GOES-N time frame is an increase in the. pumber of
bigher rate (12t bit per secoad) DCP requiring 3kHz-wide channcls. A 3dB increase in DCPR
channel downlink EIRP, from 150 milliwatts to 300 mifliwatts, is recommended so as to provide
increased margin for the 12000ps platforms. Ttis should require very little modificatica to the
exicting GOES~1 DCPR desigt. and should be mcorporated in all three GOES-N options.

The study team czamined the possibility of assiening the 1200bps platforms to a scparate band
about GOkHz wid~, suitable for tweaty 3-kHz channels. This separation would reduce the
potential adjacent channel interference betwoen the 100bps ad 1200bps platforms. This band
could be accommodated between the WEFAX chanme(s) &t 1691MHz and the CDA telemetry
channe] at 1694MHz

In the latter stages of the GOES-N study, we leamed that the nerformance of the DCS plal_.
response ci:azoel (DCPR) suffers from degradation due 10 adjacen: ~hannel interference and
intermodulatioa distortion. The study tcam examined a technique for reducing intermodulation
levels in the DCFR channel. The technique coasists of introduciz g a carrier at saturation into the
channel, with the carmier appropriately separated from the DCPR signals. Th: effect of the
saturated carrier is essentially to generate the intermodulation proctcts around it, suppressing the
intermodulation products ithin the DCPR band. Onc method of impk menting this concept
wauld be to combine onc of the WEFAX channels (at saturati~a) with «he DCPR band. This
would have the benefits of not oaly reducing intermodulatior product !:vels in the DCPR band
but would also elimnate the DCPR transmitter and sparz. The eff~t on the WEFAX signal
would be about 0.3dB.

We recommend that the effects of adjacent channel taterference and intermodulation distortion be
measured for the existing DCS to obtain a better estimate of the degradation for use in
deermining required improvements for the GOES-N spacecraft.

The principal changes to the DCS system at the CDA will be 2dditional DCS Automatic

Processing System (DAPS) ingest cquipment to support the growth of 300 and 1200bps DCPs and
ihe instailation of additional user-provided acinodulators if new channels are activated.
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893 Optioas I, I, and [li - Data Collection Platform Respoase (DCPR) Channcl Coasolidation
with a3 Weather Facsimile (WEFAX) Chaancl

Multiplcexing of the DCPR downlink with a WEFAX signal should be studied because of its
poteantial for significantly reducing the effects of intermodulatioa distortion effects within the
DCPR band. With proper carrier spacirg. the power level of intesmodulation products within the
DCPR band would drop by about a factor of ten with a negligible effect on WEFAX channel
performance.  An additional benefit of implemeating this approach is the climination of the DCPR
transmiticrs, saving weigit, space and nrime power.

8.10 Products, Process, and Communications
8.10.1 Optioas L, II and I - Multiuse Data Link (MDL) and Telemetry

The MDL impieiisentation on GOES-1 provides no redundant transmitter. Redundant transmitters
are basclined for b GOES-N spacecraft  The S-band multiplexer is expanded to provide 2 pont
for the MDL output signal, reducing transmission line losses about 26dB compared to the GOES-
I implementation.

The multiplexing of on-orbit telemetry data on the MDL link is recommended. This would
climinate the CDA telemetry transmitters oa the spacecraft and would penmit increasing the DCPR
channel bandwidth if additional channels arc desired (c.g., to provide a scparate band for 1200 bps
channels). For Option I, an on-board multiplexer would be required to combine the SXI, LPS,
and telemetry bit streams, as well as demultiplexers at Boulder, the SOCC, and the CDA. The
GOES [-M MDL demodalator should be usable with minor, if any modification. In Options II
and III, an on-board multiplcxer is required to combine data streams from the SEM instruments.
Thus, the impact of adding telemetry data to the MDL is an additional multiplexer (and
demultiplexers oa the ground) port

As in GOES I, redundant . 5N transpooders are included in the GOES-N configuration for
transfer orbit and «mnergency operations. It is recommended that the output power of these
transponders be increased from 1 watt to 2.5 walts to provide increased link margin.

The telemetry and command (T&C) system was not analyzed to any exteat during the survey
period. However, feedback from the GOES-I team indicates that the T&C system has reached
the full capacity point; few, if any, sparz commands and few spare telemetry points are available
for expansion. An expanded command set is recommended for GOES-N. An expanded
telemetry system with more available telemetry points, a longer minor frame, and an increased
telemetry rate is also recommeaded to provide greater flexibility.

8.10.2 Options I, II, and Il -~ Sounder Data Link (SDL) and GOES Variable data format
(GVAR) Links

The imager and sounder data rates proposed for Options II and III are about a factor of five
higher than for Option I, and an auxiliary imager is proposed for Option lII. The use of data

151



compression algorithms with forward error conection coding and bandwidth~cfficicnt modulation
techniques will be necessary to operate within the allocated frequency bands.

Elimination of the processed scasor data relay link, altemnately called the GVAR or PDR ik,
should be studied. Elimination of this link would require direct receptioa ot the raw imager ind
sounder data at the SOOC and the GVAR processing at tac DUS at the World Weather Building.
GVAR data could still be made available 10 users on a noa-real-time basis via magnetic tape or
perhags even real-time via the AWIPS as a separaie service provided by the satellite servies
contractor. Alternatively, GVAR users could receive the raw data and perform the GVAFR.
processing themselves.

Another possibility that should be studied is to consolidate the SDL and the MDL (inclading the
oa-omit telemetry) oato one QPSK cawier. The imager data could be transmitted . via he

I channel and the sounder plus MDL -data via the Q chaunel. The obvious beaefit- would be the
reduction in spacecraft complexity frcra the climination of the MDL transmitters. - Another bencfit
is that the SDL ceater frequency could be moveu to provide a wider guard band betveen the data
downlink and the 1660-1670MHz Radio Astronomy band. In Optioas II and [II, SOL and MDL
link consolidation may be viable only if the GVAR link is climinated, due to the higher imager
and sounder data rates. Additional study is recommeaded.

8.103 Optioas L II, and MII - Impact of Change from S-Band to X~Band

It was commented at the Fourth Quarterly Review that the GOES program may have to move
from its present S-band allocation to X-band (7 to 10GHz), as the TIROS pros;ram appears to be
doing. If scrious coasideration is being given to such a move, it is critical that the implications be
analyzed. Another altemative could be the incorporation of a GPS receiver in'o he GOES-N
spacecraft to provide ranging information. Onc advantzge of using GPS is th st orbit
determination computations could be performed directly by the oa board computer (OBC). Use of
Advanced Tracking and Data Relzy Satellite Systems (ATDRSS) or GPS wecald eiiminate the
need for terrestrial ranging stations, reducing system operations costs.

8.10.4 Options II ancd III - Controls: Orbit Determination Accuracy

The attitude control system being proposed for Opticas I and III requires a two-station ranging
capability to provide sufficient orbit determination accuracy. This requirement was not stated
until the end of the study effor ard, as a result, was not analyzed. A study is needed to develop
alternative ranging system coafigurations and their cost. Implemeantaticn of this two-station
ranging may eliminate the need for using the GVAR link for ranging. "he usc of the NASA
Advanced Tracking and Datz Relay Satellite Systems (TDRSS) spacecr:ft to provide ranging
services should be studied. These new spacecraft are being desigrned with the capability to
communicate with geosynchronous spacecraft.
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9.0 INSTRUMENT DESIGN OONSIDERATIONS
9.1 Imager Ceanfigurations
9.1.1 Improved GOES-I Imager (Option I)

When the study tcam defined the three optioas preseated in this report as strawman spacecraft
systems, the coacept underlying the Option [ spacecraft was that of a minimal cost program based
almost exclusively on the GOES I-M heritage. This implics that GOES-N would be virtually
identical to GOES-M ia all respects, with changes only where cost and cfficiency “mprovements
could be made. The assumiptioa is therefore that GOES-M instruments will meet the core
requircments, which in most cascs are those curreatly specificd tor GOES-1. There have beean,
bhowever, some problems with the GOES-1 development, the de facto heritage for this study,
which led to broadening the Option I coacept to allow mstrument changes where the fundamental
design approach is not changed and where the changes do not alter the spacecraft interface, ic.,
power, weight, volume, footprint, telemetry, cic.. The changes to be incorporated were subjects of
many of the study tasks, and so could not be specified until the completion of those studies.
However, as reported in this and other sections of this fina! repost, they included such things as
relocation of the cast—west siaaft encoder to the motor side of the shaft, a two—point mirror
mountthe use of optical encoders in licu of inductosyns, the use of different structural materials
and changes waich might be identified which could offer improvement of the signal-to—noise
ratio of the insquments.

Stucies of the effects of relocation of the east-west shaft encoder and incorporation of a two point
mirrar mount were carried out with (surprisingly) negative results; ic., thosc changes did not
improve the pointing performance of the tastrument scanner. The optical encoder trade study
(Section 10.4.2.2.1.2) produced more positive results, but, based oa significant noa-recurring
costs, this modification was deferred to the Optioa Il instrument. The redesign of the structure
using low temperature coefficient matenials (Section 16.4.1.3.1) offers significant improvements
pointing performance, but violates the guidcline that the Option | instrument is to be esseatially
the same design concept as GOES-1. This modification is deferred to the Option IIl imager. The .
studies have identifisd the focal nlane temperature as the principal driver of signal--to—-notse
performance.

One modification which is recommended anc pot incorporated currently in the GOES I-M
program is positive tempcrature control of the aft optics. This change could be incorporated with
likely negligible impact to the spacecraft interface, and may ultimately be required io approach the
specified performance requicements for channel-to—channel co-registration. Overall image
quality and calibration accuracy can be improved by dc restoring ou every available space look,
rather than at two minute ‘aiervals as was planned for GOES-1. The GOES-I bus has been
modified to dc restore on every cther space look when imaging a full disk and optional space look
every 9.2 and 36.2 seconds cn smaller frames. This will significantly reduce the effect of 1/f
noise, and is recommended for the Option [ imager. The AOCE software must be modified to
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climinate discontinuitics in thc IMC signal during scan tum-around. It is assumed that this
modification will be incorposated at some point ir the GOES I-M program. It is also

assumed that at some point in the GOES [-M program a s:able, full time cobcrent error integrator
will be developed.  This may be necessary to achicve within frame registralion requircments at
end-of-iife.

Improvement of the NEAT for the imager through lower focal plane temperature should be
achievable in Option I by changing the surface finish of the Astromast boom to a specular, low
cmissivity reflector. Analysis shows that this change alone results in an operaling temperature
advantage of ncarly 10K to a coatrol temperature of about 92 K for cither the imager or the
sounder. The detector noise Jimited performance at the 92K coatrol temperature would result in
improved NEAT at all wavelengths, poteatially by a factor of two relative to GOES-I.

Although they were not-ideatified as funded cost—cutting or cfficiency studies carly in the
program, scveral suggzestioas have arisen during the course of the program that should be
incorporated in the GOES-N imager. These are discussed in Section 7, and include improved
procedures for accomplishing ~hannel-to—~channel alignment in instrumeat level thermal vacoum
test through remote adjustment mechanisn.. and poteatial use of flex pivots in the cast-west scan
axis.

Figure 9.1.1-1 shows the geaeral instrument arrangement and important spacecraft interface
information for the Option I imager. Althcugh ths concept had beex to maintain the spacecraft
interface unchanged, the weight allocaticn aliows modest growth over the GOES-1 instrument to
accommodate the changes recommended. The remainder of the information in Figure 9.1.1-1
reflects the status of the GOES~I imager.

The optics and focal plane arrays Jor the Option I imager are identical to the GOES~I imager.
Collected light is spectrally separateu through dichroic beam splitters and individual filters to 1
visible and four IR focal lanes, with C=tector arrays in each focal plane acting as field stops. All
individual focal plane arrays are required to be co-registered in object space, placing stringent
requiremeats on the stability of the complex aft optics. Figure 9.1.1-2 shows the required
superposition of foc~ plane arrays in object space for the Optioa I imager. The redundant IR
detectors arc realized by utilizing linear detector arrays of four clements (two clements in the case
of the §km IFOV channel 3) and only utilizing half of them at any time. The cight visible
channels, as in GOES-1, are not redundant in the Option | imager.

9.1.2 Seven-band Imager (Optica II)

In the progression of onst and complexity of the successive spacecraft options, the principal
improvements incorporated in the Option 11 spacecraft system are:

1. the elumination of the solar sail to improve the instrumeats’ passive cooler operation and
the improvement of system INR performance through a zero momentum, stellar referenced
spacecraft attitude control system (Section 10 is for details of these changes), and

3. the incorporation of a high resolution sounder, as described later in this section.
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Changcs ‘0 the GOES-i imager were 'imited to those that could be incosporated at.modest cost to
provide some of the additional perform:ace requested or to provide significant performance
improvement. Tuc design concept wa:  herefore not changed. ‘Those additional channels
requested by NOAA which can be realied witk uacooled detectors, i.c., the 0.86un channel (Si
detector) and 1.65um channel (InGaAs detector), arc added since that change does not impact the
cooler design and performance and has relatively small physical impact oa the instrument. In the
area of poiating performarce of the instrument, the studies indicate that the single most productive
chaage, short of a complete structural redesign of the instrument, is incorporation of optical
cancoders in licu of the inductosyns used in GOEL -1 scan mechanism. (3 inch diameter eacoder
discs are modeled to be computible with the existing scan drive struciure).

As stated before, the elimination of the solar sail and the incorporation of the half-yearly 180
degrees yaw m.ancuver discussed in Section 10 yields a high depree of confidence that the

85K opcrating temperature can be achicved. In fact, the stuly sesvlts promise that further work in
the cooler area 1s justified to achicve even lower operating temperatures without resortiag to
mechanical coolers.

Figurc 9.1.2-1 shows the spacecraft resources allocated in the cost model. Seasor module
physical dimeasions are ideatical to the Option I imager, while the electronics module has been
slightly enlarged to accommodate the additional spectral channels. It is estimated that either
version could be built within the same allocated weight. Power is increased modestly to

Figure 9.1.2-2 shows the added spectral channels in object space. The two additional channels
are - “de redundant in the cost model, following the pattern for the 4km IFOV cold IR channels
wh. ure unchanged from Option L Tke visible chanuels are still not redundant in this model,
but it is highly recommended that the temporal performance improvements which could be
realized by incorporating the eight additional detectors and powering all detectors be investigated
if the Auxiliary Imager of the Option IIi system is not incorporated.

9.13 Advanced Imager (Option III)

The Advanced lmager is cunceived as a totaily cew instrument design with the capability to
provide all of the additional spectral bands requested by NOAA, in must cases at the requested
spatial resclution, and !0 provide sigmiic2at improvemeats to the pointing pzrformance, channel-
to—channel co-registration anc: thermal stability of the sensor module. While the instrument is
cousidered a fotally new de<ign, it has scveral design featurcs which address limitations in the
GOES-~I design approach when the siringent requucments for GOES—-N are imposed. These
differences form the basis for the discussion of the prcposed Advanced Imager.
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The tirst significant change is the use of near zero temperature cocfficient matcrials and more
cfficieat structural geometry to improve the pointing errors induced by diumal thermal dis’ortion.
In this manner the dynamic range of correction for tirese cffects to be applied by the IMC
subsystcm can be greaily reduced. More importantly, the non-repeatabie portion of the thermal
distortion, which canitot be corrected, will also be reduced. These changes are described in more
detail in Section 10.4.1.3.

The second major change is the use of spatial separation of IR spectral channels in 2 common
exteaded foc2! piane rather than the separation by beam spliiters as implemented on GOES-I. It
appears unlikely that the accuracy and stability of co -registration required FOR GOES-N can be
practically realized with the c:mglex aft optics required by the beam-~splitter approach,
particularly as one adds more of the requested spectral bands. Figure 9.1.3—1 shows the exteanded
focal plane proposed for GOES-N. With this extended focal plane, the fundameatal co-
registration accuracy (within the limitations of the optical extended FOV) is determined by the
accuracy of the fabrication process used to assembie the focal plane, a more manageable problem
than maintaining the mechanical stability of muitiple beam splitter paths in the aft optics. One
beam splitter is still eavisioned to separate the warm and cold focal planes, but this beamsplitter
has incorporated precise ti..qmal stabilization and an in-flight alignment adjustment mechanism to
superimpose the two focal planss in object space.

The warm and cold focal planes of Figure 9.1.3-1, while shown scparately, are irtended to be co~
registered in object space. The mo-¢i includes redundant detectors for all chanrels, which are not
shown in the figure, but would he obtained in the same manner as for Option 1, ie., the detectors
arrays are doubled in the north—soutk dimension. The visible channels are shown as km [FOV
channels, rather than the 0.5km requested (RO1). The higher resoiution is feasible in the
instrument, using TDI to achieve the required signal-to-noise, but has a large impact on
spacecraft communications and power and oa ground processing. For this reason the 1km IFOV
was retained in the model. A very similar situation exists with respect to the 3.9um channel
where a 4km IFOV is provided rather than the 2km requested, and the required NEAT is not
compatible witl, a single 2km detector.

With extended focal planes, the problems associated with image rotation irhereat in a two axis,
single mirror scanner suck as that used in GOES-1 are exacerbated. Image rotation is one of the
more significant crror sources requiring correction in navigaticn and within-frame registration
performance in the GOES-I concept, even with the smaller focal planes used there. It could be
compensated by an optical image de-rotater in the instrument, a complex mechanism which would
have its own problems. It is preferable to eliminate the image rotation at the outset, which is
accomplished by the next significant dcsign feature of the Advanced Imager, the incorporation of
separate scan mirrors for the east-west and north—south axes. Unfortunately, as discussed in
Section 9.2.1.2, even with a Jual mirror scanner, the extended focal plane envisioned for the
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Advanced lmager remains a source of channel-to—~channel misregistiation f onc uses the concept
of on-board IMC. The inagnitude of misregistration is proportional to orbital inclination.
Channel-to-channel (IMC) registration within the spacecruft system to 14ur, as being attcmpted
on GOES-I, would require orbital inclinations no greater than 0.05 degree. Altematively . since
the channel--to—channel misregistration is deterministic, the problem could be addressed by
resampling the data stream in on-ground processing. Either approach appears feasible, although
the image re-sampling and continuous stationkeeping studies proposed (for other reasons) but not
funded at the beginning of the GOES--N study should be completed for confirmation.

Absolutely limiting the inclinatiop to 0.05 degree necessarily result in loss of mission lifc (or
degraded performance) at the eud of the mission. The optimum performance during the principal
part of the spacecraft lifztime and satisfactory performance during the fast year or so of operation
can be obtained by previding both capabilities, i.e., limit the inclinatior during the “mission
success" lifetime and provide resampling to extend the lifetime after the thruster north—south
stationkeeping phase of the mission is complete. Note that discussions with NOAA have
indicated that resampling on the ground before data disuibution is currently part of NOAA
planning, independzut of this GOES-N study.

Figure 9.1.3-2 shows the configuration of the Advanced Imager. Incerporation of the second
scan mirror is the principal cause of the growth in volume and weight relative to the Optioa %
imager. The weight allocation was obtained by scaling up from the Option Il Imager, anc \hus
does not reflect significant weight savi-gs which should be realized with GFRF fabrication.
Power has been increased to allow for the additional spectral channels and scc. drive.

The optical performance of the Ritziiey-Chretian telescope has been modeled, rather thaa the
couventional Cassegrain of GOES-1, and it performs quite adequately over the extended focal
plane which covers only + 1.5mr of the telescope extended FOV, as descrived more fully in
Appendix D.5. However, an off-axis telescope, three mirror design has the poteatial for much
reduced sensitivity to the thermal distortion problem as well as an even broader FOV. This
possibility, as well as the structura’ design cospsideratio:s for 7 -~ 1 compesites, shoula be studied
more extensively in a full Phase~A/B/C/D instrument dcvziop.ent.

9.14 Auxiliary Imager (Option III)

The desire for an Auxiliary Lmager has becn identified as an ~nhancement in the NOAA documenrt
and as RE15 in this study. This full disk imager could relieve the conflicts for nbservation time
expected to develop with increasing mesoscale imaging requirements if only the basic primary
imager were to be available. It would also provide redundancy and assure continuing service if
the piimary imager failed. The only explicit requirements in the NOAA Jdocumesnt cail for full
disk imnaging with resolr..ons of 2km in the visible and 6km in the IR. This is identified as a
highly aesirable enhancement but concerns were expressed as to the size, weight, power, cost and
data rate impacts on the system.
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9.1.4.1 Auxiliary Imager ~ Requircments

h SR AN e ":\,: RN .::.':,",.- T € et aavanA s o . . & xo-&.w. “
2 BANDS 1 VISIBLE 1R
IGFOV 2 kar VISIBLE 6km LWIR
WA i L i ~~:w,2;2‘ D S A T m Ws*fmmwwwww R vg:gsz%m,

B ot s L DERIVED JREQUIREMENTS o, &, o5 mees B2 Mg
IMAGE NAVIGATION & REGISTRATION 2X NEW IMAGER
RADIOMETRY SAME AS NEW IMAGER
QO-REGISTRATION SAME AS GOESH SPF . 'CATION
OOVERAGE “FULL DISK" 30 MINU: ~ MAXIMUM,

COOMMANDABLE PARTIAL NORTH-SOUTH SCANS INCLUDING ALL OVERAEAD

SAME SCAN RATE AS “FULL DiSK” -

S s

9.142 Auxiliary Imager - Conveational Implementation

An additioaal instrument o provide these capabilitics could be built based ca a new design or on
the ATS-6 GVHRR and INSAT heritage. The INSAT VHRR s still in production at [TT and
served as the primary basis for the estimatcs of the Auxiliary Imager for GOES-N. Signihcant
modification of the instrumeat optics, detectors and signal processing are required in that the
INSAT tesolutions ar. 2.75km in the visible and 11km in the [R. Further modifications are
required to the INSAT imager to meet the ENR requirements of GOES-N.

Tommmmcsmotmmwmmeqtﬁrmts.adiumaldmmalmalysis-mnstbc
conducted to establish that the diumal pointing distortions are within the INR allocatioas. INR
thermal shiclds may have to be added to bring the rate of change of the line of sight to acceptable
levels.

The INR svstem will require siynificant modifications to the INSAT imager in the command and
coatrol of the pointing of the instrument. A star ook capability is required which will require
adding command registers and modifying the servo system, detecior signzl processing, and the
wideband data formatter to flag the operating modes.

There are two alternative approaches to providing the IMC and MMC corrections in the Auxiliary
Imager.

1. If thesc corrections are provided in 3 m. ~uer similar to GOES [-M, then an analog (or
oossibly a digital) input mi:st be provided for the IMC (+MM: signal 10 be generated by
the AOCE computer. The imager must also add a new cutput  hich will provide the
"present scan address” informatinn to the AOCE computer that it requires to compute IMC
comrections.  Additional modifications may be required to the instri.nent (o accommodate
the ncrth-south and cast-west pointing servo requirements to apply the orbatal effects
IMC as well as uiming delays in the system, such as the cxtra 3 or 4 “dead™ scan lincs
alter star or snace looks, etc.
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If the IMC corrections are provided using an INR computer in the primary imager then the
auxiiiary imager should be designed to incorporate an INR compuier capability. In thi<
mode of operation the equivalert of the GOES~I Orbit and Attitude Tracking Sysk..
(OATS) on the zround would gencrate the IMC infonnation and upload it to the INR
computer in the Auxiliary Imagers via the spacecraft command system. The Auxiliary
Imager must be modified to accept inputs from the AOCE competer which conatain
spacecraft motion compensation (SMC) information and Orbit Position information. The
SMC signal provides corrections to the line of sight to the pointing misvor for disturbances
that are scased by the AOCE system but not fully comrected. The orbit position
information is nccded by the INR computer i the auxiliary imager to gencrate the
cormrectivas (o the inst.-ument pointing to compensate for the distortions of the sceae
resulting from deviation of the spacecraft in orbit from its ideal geostationary locatica.

9.1421 Auxiliary Imager - Summary of Implementation Impact Using an Adutonal Instrument

f —
INSTRUMENT 30 X 65 X 30cm, PLUS COOLER
ELECTRONICS 30 X 45 X 25cm
TOTAL WEIGHT kg
POWER | eow
DATA RATE LisMbs
TECHNICAL LOW, BUT SIGNIFICANT MODIFICATION OF EXISTING DESIGN |
NON-RECURRING COST | MODERATE TG HIGH J
RECURRING COST HIGH ]

— - - - v —— -——-

9.1.43 Auxiliary Imager - Alternate Approach

This is a proposed alterate approach to achieve the functional capabilities of the Auxiliary

Imager, Enhancement RE1S, with a low cost, light weight modification of the GOES I-M imager
(for any spacecraft optioa) that wil! provide the full spectral, radiomet<ic and INR capabilities - £
the primary imager with cahanced redundancy in the primary umager.

The basic concept is to provioc “coatnuous” full disk capability as well as small sector capability
by making the primary imager have twice the coverage rate of the preseat imager and time
sharing the system oe a predefined scheduic so as o provide full disks every 30 minutes, and
have no time discontinuitics in the data used for wind determination.

The imager coverage rate will be doubled by adding 8 visiole d=tectors to the presen: 8 detectors
(as has been done for the Option Il imager already) and activating the redundant IR detectors that
are already in the focal plane and adding thc necescary amplificrs, muluplexers, etc. This will
allow the imager to step 16km north-south after every line rather than the presend 8km. The
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cast-west scan rate will rcmain the same.  Assuming that the cooler can be modified to
accommodate the extra hcat load, the radiomeiric and geometric performance will be unchanged
from thc present capabilitics. This will, of course, double the data rate from the instrumert.

It should be noted that the concept described above could be applied to the sevea-band imager or
to an Advanced lmager using 2 scan mirrors and an extended focal plare.

The unmodified imager takes about 25 minutes to cover a + 60 degree “full” disk image. The
high speed imager, described above, will cover the same area in less than 13 minutes. This leaves
17 minutes of cach half hou: available for other observations, star looks and calibration.
Following is a time line to illustrate a 1/2 hour interval:

Minutes (read vertically)

000000000011 1111111122222222223
012345678901234567890123456789°-
AXEXXKEXRKKEXXXXKEXXXXEKXXXXXXEXKXEXK R S

“Full® Disk Other Observations

Note;'x'repmtﬁmcavailableforothaobscrvations
“B” is the time for a black body calibration

This provides a gap free full disk every 1/2 hour for wind field determination and other uscs, but
the time distribution for other obscrvations may not be optimum.

of it were desirable 10 get the other cbservations on a more uniform spacing, ic., every 10
minutes, the following schedule coukd be used.

The time continuous data from the “full disk™ imag= that would be used for wind field
determination could be acquired in 3 segmeats. The first would begin on the hour or 1/2 hour,
start at or near the porth pole and scan down to 15 degree latitude, and take less than 5 minute.
The next S minute are available for other observations. Starnting at 10 minute past the hour or 172
hour the ceatral 1/3 of the image could be acquired, but with an overlap of about 128km between
the end of the first 1/3 image and the start of the second 1/3 of the image. The next 5 miaute arc
available for other observations. Starting at 20 minute past the hour or 1/2 hour the last 1/3rd of
the full disk image could be acquired with another 12Skm of overlap with the end of the middle
31d of the umag=. The wing tield determination would be done on the third disk images which are
continuous in tim: and uniformly spaced every 172 hour. The overlap will assure that no cloud
mcves off the st of images over the ime between images. A single image of a full disk would
have twe smzll discontinuitics, of § minute of cloud motion cach, in the image at about 15
degrees north and south latitude.
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Following s a ime linc to illustrate a 1/2 hour interval:

Minutes

00000000001 11111111122222222223

012345678901 23456789012345617890290
ERXXXKKXNRXKX XXXXXXXKKXX XXXXXXXXKAXB

1/3 Disk 1/3 Disk 1/3 Disk

Note - *x" represeat time available for other observations
*B" is the time for a black body calibration

With the imager running at “"double rate” in a single 5 minute interval it could observe two 3,000
x 3,000km regions and five 1,000 x 1,000km regions. This sex of observations could be repeated
every ten minutes.

The improved imager could operate and provide full capabilitics in this faster mode until a
detector fails. After a failure, the instrument could c.ther operate with gaps in the data due to 2
missing detector or the imager commanded back to the old mode of stepping 8km north-south
after every line =nd provide a reduced coverage rate with gap free data. This proposed system
would provide ful! redundancy for the visible detectors, which currently have no redundancy.

9.1.43.1 Auxiliary Imager — Summary of the Implementation Impact Using an Alternate
Implementation

The following are increases or deitas to the 7 band or nev imager to accommodate the changes to
provide the alternate implementation Auxiliary Imager capabilities.

SIZE DELTA‘ ~15X 1-o_x 10cm o

WEIGHT DELTA - 2%g

POWER DELTA -SW

DATA RATE TWICE THAT OF THC ?RIMARY IMAGER

TECHNICAL RISK LOW, BUT SIGN{FICANT MODIFICATION TO 7 BAND
DESIGN

NON-RECURRING COST | MODERATE TG HIGH

RECURRING COST MODERATE _




9.2 Images Pesformance

9.21 Imager - Spatia® Performance

9.21.1 Imager ~ Resolution an¢ Cloud Smearing

The resolution of ihe imager is limited by three factors: telescope optics, clectronic filtering, and
IFOV (detector size). Thcscfaaaswndloblurlbcdaaﬂsurilhm“chsmﬁnc,ausingsha:p
vertical edges o appear as more gradual changes.

An analysis was performed oa cach of the five imager channels. GENIi software was used t¢
mddweomimldlamofmmmd.mdh—bmsoﬁmbySm&Asodam
was used to model the electronic filters. A complete description of the analysis is presented in the
Appenadix D.1 eatitled "Cloud Smearing Study.*

'Ihcmalysisslwwedtha!i!isnotposﬁblcwmeathewqui.‘m:thattbewtp\nmm
93% of its final value within a distance of 1 IVHV. Instcad, the requirement should be restated in
terms of ground distance. For example, the output should reach 9% of its final value within a
scan distance of X kilometers. When stated in this way, an appropriate combination of detecior
size, optics and filtering could be chosen to saiisfy the requirement.

Uitisofmcwmwmcdmlmmdimocofdadmps,tbcsystanmtputnmst')tonly
aabicvestwiystate,bu:itmust;.ﬁntainitkmgcnwgh!omsmethatasamplcistakcnwhiieme
ouiput is at steady state. The analysis showed that douds must be 2-3 [FOV's wide in  rder to
have confidence in zbsolute radiance measurements.

The aormal choice for the 3dB cutoff frequency of the electronic filter is the Nyquist frc, iency:
i,,".-_=ll(2'l',.,.,).whac'l‘mequaisthcdwcllm..c,athcu...:xequircdfotmc[FOVtom
its own width. This choice yields the maximum achievable signal—to-noise a: .c Nyquist
frequency, and results in a filter MTF of 0.707. In order to increase the MTF of the filter to ™ 95,
the cutoff frequency must be increased by a factor of 22 . < will result in a substantial noise
pena.ty, and is not a recommended way of improving the resolution of the system. In fact, it
couldbcarguedthaxinmelongwavc!engmbauds(chmncls4and5)cventightc:ﬁltcrssbould
be used since diffraction and optical aberratioas are substantiallv bandlimiting the sysiem
response. 'Jsingtig'iwtﬁlmwwldlowersystunnoiscwithaminimalpenaltytothcsystcm
respoase tume.

In addition to smearing the details of a sc line, the optics and filters will delay the entire line.
cast-to~west (cas’-west) scans will be delayed to the east, and west~to~east (west) scans will be
delayed to the west. These delays can be easity corrected within the instrument, given nrccisc
control of sample timing, s that their effects can be negligibie in the reconstructed image.
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The oaly Icmaining differences befween east-west and west-cast scans will be caused by
asymmetrics in the respoasc of the clectronic filter. The Thompson-Butterworth filters that arc
being used in GOES-I have very littic overshoot and exhibit excellent symmetry propertics.
Figure 9.2.1-1 illustrates the asymmetry for channe] 1 when bi~directionally scanning over a
cloud that is approximatcly 3 IFOV's wide.

As oac moves to longer wavclength chaanels. the effects of diffraction become more significant
and the effects of ‘he filter become even less, as demoastrated by the spatial weighting functions
for the five GOES-1 bands in Appendix D.1. Figure 9.2.1-1, therefore, represents the worst-case
effect of bi-directional scanning on image quality. Becausc spacecraft optioas assume use of the
Nyquist criterion for a given I[FOV and spectral baud, this analysis applics to ali three instrument
oplioas.

9.2.1.2 Imager ~ Co—registration

The channel-to-chanael registration requiremeat is to have a mis-registration no greater than
0.5km. This has becn identified as requirement RC4 2nd interpreted in this study to be a 30
value of 0.5km at nadir, or 14 ur. This is a very de nanding requirement, especially whea applied
to IR channels with IGFOV's of 4 to 8km (112 to 224ur) and whea visible to IR co-registration
at these levels must be met between different focal planes. The project is not confideat of
meeting this requiremen: for any of the iraagers proposed under this study. The predicted co-
registration performance in microradians is givea in Table 9.2.1-1:

TABLE 9.2.1-1

PRZDICTED CG-REGISTRATION PERFORMANCE OF THE GOES-N IMAGER

. e M4 "". 2 JRRRIE U TP &t’ﬂ» 'ﬂ:r -'W “Sale dioh ol
[ L REQU[R]:MB‘TS PRED]C]'ED e ~; INSI'RUMENT ‘
' w} N mm’-WCE '. o ” ) “ . %" L ‘w?‘. ',a"-
T [ . o‘t) i ) S "I .{'):‘-. e n‘m
28 60 FLIGHT I IMAGER
14 50 IMPROVED IMAGER
I OPTION 11 14 40 7 BAND IMAGER
OPTION 1 14 50 NEW IMAGER
28 e ADDITIONAL IMAGER

b Additiona! imager purformance depends upon approach selected. If an independert smal!
wstrument is used, the estimated cc-registration performance is SMur and, if the capability is
achieved by speeding up the coverage of the primary umager, the perfocmance would be ths that
of the selected instrument.
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9.212.1 Imager Co-registration — Options I and II

7 ¢ Option I and Il imagers .- - * the ITT version of the Auxiliary kmager all usc eam splitters to
send the various channels to different detector arrays and a pianet lenses in the IR channels to
provide a higu optical speed (f# of about 1.0) beam oato the detectors which minimizzs the
detector size and, thus, its noisc. In these systems, co—registration and focusing is a ‘complished
by the physical rotation and translation of beam splitters, leases, and deteciors. ‘This allows the
various spectral bands to be opiically overlapped and minimizes the impact of the umage rotation
that occurs with a Giie mirror scanner. There arc generally large physical sepazations between the
visible and IR detectors which are mounted to different structural areas of the instrument.
Handling, test and launch vibrations, and the diumal and scasonal temperature variations that the
instruments will expericace will all cause the co-registration of the spectral bands to vary during
the iife of the instrument.

The GOES-I flight I imager has iinproved thermal isolation of the relay optics that contain the IR
beam splitters w reduce the d°+mal thermal cycling of tuis componeat which will reduce the
magnitade of this source of co~registration emrors. It docs not have any in—chamber or in-Light
adjustment of the visible t IR alignment. There are no precision measuremeats of the co-
registration afier the iastrument is seat to LAS from ITT. The study team has estimated the 30
co-registration performarce of this instrument over its life to be that in the above table.

The Optina {, improved imager, will have in-flight visible to IR adjustment capability and
perhaps temperature stabilization of the relay optics containing the IR beam splitters. This will
lead to the improved performance.

The Option I , 7 band imager, will have 3" optical cacoders to improve the pointing accuracy,
two new warm focal plancs to provide thc 0.865um and 1.65pum bands. There will be in—flight
adjustmeats of the alignment of the warw: focal planes, the relay optics will be redesigned to
improve its stability, it will be tet:perature stabilized and some suppc:ting structures may be
changed tv improve their stability. These chang.s are estimated to further impiove the
performance as indicated in the Table 9.2.1-1.

92122 Advanced Imager Co-registration

The Option Iil, naew or ad 7anceii imager, will be an all new design using a GFRP structurc, a two
mirror scanner, optic2’ eacoders and an extended focal plane. The two mirror scanner does not
introduce any image planc rotation with scanning so that it is fez<*hle to lay the detectors for the
various spectral bands one after another, Figure 9.1.3-1. Because of the wide angular estent
(approximately 0.15°) of the sct of IR detectors the spesd of the optical beam must be siower,
typically with an fif of 2 or 3. This .ncre.-ses the detector noisc beca se larger detectors must be
used, but the layou: allows for TDI techniques by using more detectors along the scan direction
for those few spcctral bands that require better performance than can * ¢ achieved by a set of
single de‘ectors. This design also incorporates the spectral defining filters directly over tl.:
detectors and does not use any beam splitters.  This increases the throughput sc that more signal
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photons fall on the detectoss and helps compeasate for the perfermance loss duc to detector size.
The co-registration alignmeat thea occers primarily during the fabrication of the focal plane and
in coatrol of the telcscope focal leagth and sample tiniing so that the improved co-registration can
be achieved.

There is a problem  with an extended focal plane when IMC correctious are applied to the scan.
East-west accelerations can be compensated for by dynamicaily adjusting the sampling rate to
maintain co-registration. North-south acceleratioas will cause mis—registration that can be
compensated for by cither rotating the image dynamically during the east-west scan, limiting the
maximum inclination angle, or resampling the data on the ground. Dynamic rotation
compeasation introduces many undesirable complications to the design. The approach selected for
Optioa 111 is to keep the inclication below 0.05 degree. The approach is to comrect the inclination
error, which grows about 0.002 degree daily, every day when the wheels are being unloaded from
the solar pressurc effects that occur since the Option IU spacecraft does not use a solar sail.
Keeping the inclination down to these levels will keep this effect to about S pr and allow tbe
performance projected in the table above. Te mainiain the INR performance it will be necessary
to have continuous two station ranging data about every 10 minute with an update of the orbit
cvery few houss. It should be noted that with these small inclinations the required IMC signals to
compensate for orbital effects arc very low and should preseat no problems to the pointing
system.

9.22 Imager Radiometric Perfformance

Table 9.2.2-1, reproduced from the fin:l study review brie‘ing, shows the spectral bands and
spatial resolu ion under consideration for the new imager. Also shown are the projected
performance for each combination as calculated by both ITT and SBRC. There are important
differences in the two instrument concepts envisioned by the contractors. The ITT instrument
would be an extension of the design of the GOES I-M imager, in which dichroics are used to
create spatially registered spectral bands with each band having its own separate ontics and focal
ratio. The SBRC instrument uses an extension of Thematic Mapper (TM) focal plane architecture,
in which all the spectral bands are aligned to a common focal surface and have a common optical
path and focal ratio. The ITf approach measures the radiance from 2 common ground patch
simultaneously in all bands but has more aft optics complexity. The SBRC approach measurcs
radiance from a common ground patch as z time sequential event as the scanned image element
passcs from one spectral band to the next in image space. Band-to-band registration depends on
precise control of the scan moticn from one IGFOV to the next. The SBRC concept has lower
optica’ complexity.

There are differences in the two predictions. Looking at the 6.75im and 7.3um spectral bands at
akm IGFOV both contractors use a nominal /3 optical ratio, but SBRC projects a detector that is
3 times higher performing than ITT selects. In the 1J.7um and 12pgm spectral bands ITT uses an
F/1.47 while .\BRC uses an F/3.3. However, SBRC projects a detector witn 2 times the
performauce of the ITT detector for this spectral region. In the 13.35um spectral band the
difference is only in the focal ratio; SBRC uses F/3.3 to ITTs F/1.47. The detectors have
essentially the same peiformance for both companies in this spectral bang.
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It may be dissadsfying to have this “iversity of results; however, it is informative. The
performance is driven by the selection of design approachk. There arc certain performance desires
that are difficult to achicve and, thevefore, higher risk. The 2km/3.9um band is difficult in both
instrument concepts. The 0.5km visible band (0.€5um) docs not have acceptable performance.
The [TT approach has significant problems in the 4km/6.75wn and 4kn/7.3um hands. No
sensitivity requirement has been stated for the 13.35um band; thus, no comment on the
acceptability of the projected performance can be made. It is recommended that all improvements
in resolution be deferred at this time to avoid stressing e techrology and adding complexity in
the cold focal plane by requiring a major increase in the detector count.

TABLE 9.2.2-1
PREVICTED PERFORMANCE VERSUS SPECTRAL BAND

TERAND . 4 JCRCVA REAsNR: '4@1 @ﬁnﬁss”a“ ENE ATATD $1aN EATRREQ.
e, e | 05 % JALB) 3 | (K @, TEMPY ) LK G TEMP) 3] 06, @ TEMP).
1.2 3s
0.5 0.6
40 15.0
40 10.0
4.0 0.15(300) 0.1(300)
20 0.52(300) 0.60(300)
8.0 ' 0.20(240) 0.3(240)
4.0 | o2uz0 0.80(240)
4.0 0.22(240) 1.00(230) 0.5(270)° '
4.0 0.13(300) 0.10(300) 0.1(300)
(WITH 2 TD)
4.0 0.15(300) 0.10(300) 0.1(300)
(WITH 2 TOI)
4.0 0.80(300) 0.30(270) 0.5(27C)

* Study scientists provided this number
9.3  Sounder Configuraticns
9.3.1 Option I “ounder Configuration
In keeping with the concept of the Option 1 spacecraft system as a minimal cost appreach to
GOES-N, changes to the space raft and instruments from the GOES-I configuration are limited
. those for cost and/or efficiency improvements and those instrument modifications offering

significant performance benefits without significant impact to spacecraft interfaces. The Option |
sounder design concept is therefore ideatical o GOES-M. It is a filter whee! radiometer with
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cightcen infrared spectral channcls arvanged in three spectral bands on the filter wheel. Each
spectral band has an array of four detector channels, each with a nominal 8.66km diameter IFOV,
which receive radiation through common spectsal filters scquenced in that particular band of the
wheel. One visible spectral channcl with four detector channels of 8.66km diameter IGFOV is
provided on one separate uncooled focal plane, and eight 1km square IGFOV star scnsor detector
channels are provided on anothes.

The detectors’ OV are scanned over the scene in object space by a two-axis gimballed mirror.

In order to accomplish the required sounding rate for GOES-J. Each sounding must be completed
in 100ms. The scan drive related studies described in Section 9.1.1 which were carried out with
negative results for the imager are equally applicable to the sounder, ie., no "easy fixc~" for the
difficultics experienced with the GOES-I scanners have been found.

Significant improvemeat in the sounde; NEAN is limited by the focal plane temperature, which

can be s:gnificantly Jowered within the concept of a low cost, minimal impact system by simply
changing the extemal finish of the Astromast solar sail boom as described in Sections 9.1.1 and
9.5.3.1. A foucal plane temperature of 92K should be realizable.

Co-registration of the sounder channeis to the stringent requitements of RO2S5 remains a major
problem for GOES-N, as discussed in Section 9.4.13. It is recommended that improved meazs
of alignment and co-registration of the sounder channels be developed for all spacecoaft options,
as discussed there. It is also recommended, as with the Option I imager, that the aft optics be
temperaturc stabilized to avoid the possibility of diumal drift between channel ceatroids in the
various spectral bands.

Major instrument interface requirements for the Option I sounder are preseated in Table 9.3.1-1.
As in the imager, appmximately 7kg of weight growth in the scunder sensor -nodule relative to
GOES I-M has been allocated to acconiraodate the thermal control and alignr.aent modifications
recommended. In all other cases, the specifications are taken from GGES I-M allocations current
at the beginning of this study.

9.3.2 High Spectral Resolution Sounder (HSRS)

The highest priority change in instrumentatior for GOES-N is the development of a new infrared
soundcr that has the projeci>d potential to provide 1km vertical resolution in the troposphere with
1K temperature accuracy. The characteristics of this instrument have been defined as needing
C.5cm™ speciral resolution in the 15.5um (660cm™) spectral region with consistent high spectral
resolution in the 3.9jum speciral region (.ominally —~— 2.5cm™). The spectral coverage has been
enunciated as requiring contiguous spectral information over the entire spectrum. Additional work
is required to verify that this last critenion has a good science basis.

Three potertial instrumental approaches were considered for the HSRS, a grating spectrometer
similar to the AIRS instrument for EOS, a Fabry-Perct Interfciometer, and a Micielson
Interferometer based on the HIS development proposed by the University of Wiscoasin, ITT, and
SBRC for retrofit into the GOES 1--M program. Principal findings of this studyv are summorized
by Figure 9.3.2-1.
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TABLE 9.3.1-1
Option | Sounder Interface

TELESCOPE TYPE

CASSEGRAIN

OPTICAL APERTURE

30cm

SCANNER TYPE

TWO-AXIS SINGLE MIRROR

AFT OPTICS

BEAM SPLIT THROUGH FILTER WHEEL
TO 3 IR, 1 VISIBLE FOCAL PLANES

NUMBER DETECTCOR CHANNELS @ 8km

4 PER FOCAL PLANE, 16 TOTAL

NUMBER STAR SENSE CHANNELS
@1km

8

SENSOR MODULE FOOTPRINT

46cm X 137cm

SENSOR MODULE WEiGHT

99%kg

ELECTRONICS DIMENSION

67cm X 38cm X 18.5cm

POWER SUPPLY DIMENSION

20.3cm X 15.7cm X 23¢cm

ELECTRONICS & P. SUPPLY WEIGHT 34kg
OPERATIONAL/PEAK POWER 105/140 W
TELENMETRY RATE 49 kbps
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FIGURE 9.3.2-1
ASS:SSMENT OF SOUNDER TECHNOLOGY OPTIONS

GRATING SPECTROMETER

e REQUIRES THOUL *ANDS OF DETECTORS AT THE ' AL PLANE
] A "NORMAL® PASSIVE RADIATOR NOT FEASIBLE
. AIRS OPTICS NOT SUITED FOR GEOSYNCHRONOUS ORBIT

THIS APPROACH NOT RECOMMENDED AT THIS TIME
FABRY-PEROT INTERFEROMETER

o EXCELLENT SPECTRAL RESOLUTION OVER SMALL FREE SPECTRAL RANGE
(10 TO 20 CM™)
° CAN MEZ. THE SENSITIVITY REQUIREMENTS, BUT MAY NEED CRYO-REFRIGERATOR
STRAIGHTFORWARD CALIBRATION OF DATA
o US™S COMPLEX AT OPTICS TO BE ABLE TO COVER NOAA SPECTRAL RANGE
REQUIREMENTS 4 .. "TIGUOUS HIGH SPECTRAL RESOLUTION)

1ABF" . : ;.,Iu.- < Ns + ' SED WHEN SELECTED SPECTRAL COVERAGEISADEOU/WE
FOURIER TRANSFURY! ‘. "tRFEROMETER (MICHELSON)

. OPTICAL COMPLEXITY SIMILAR TO A F /ER WHEEL SPECTROMETER

. DOES NOT MZET CORE TEEMPORAL COVERAGE REQUIREMENT W!TH PASSIVE
RADIATOR DUE TO UMITS ON SIZE AND TEMPERATURE OF FOCAL PLANE

° USE OF CRYO-REFRIGERATOR WILL SOUND 3000x3000KM IN 60 MINUTES AT HIGH
SPECTRAL RESOLUTION WiTH 10KM 'GFOV

° MUST USE VERY LINEAR DETECTOR TECHNOLOGY; MAY NOT BE APLE TO USE
HIGHEST SENSITIVITY DETECTOR TECHNOLOGY

. GRCUND AND SPACE BASED SIGNAL PRCCESSING ARE MORE COMPLEX THAN OTHEH
APPROACHES

THIS APPROACH OFFERS POTENTIALLY LOWER MECHANICAL COMPLEXITY COMPARED TO
OTHER APPROACHES AND PROVIDES COMPLETE SPECTRAL COVERAGE

Based on these assessmenis, the Michilson approach was selected as the basis for determining
size, weight, and power projections for thc Advanced Sounder. While there are clearly problems
with extension of the AIRS grating technology to geosynchronous orbii, the principal reason for
selecting the Michelson over the Fabry-P-:rot is the requiremant for contiguous spectral coverage,
which is very difiicult to satisfy with Fabry-Perot technology. Should reexamination of NOAA
requirements lead to a much more restiicted set of narrow syectral bands, whick can be defined in
advance, the question of the Fabry-Perot vs Michelson approaches should be reconsidered.

In order to offer two levels of risk, an Option II sound~~ was configured to use a passive radiator
with a reduction in its area cove, a¢ capability. To hetp the Option Il sounder have better
performance, we have increased i aperture to 35cm from 30cm. The Option III sounder uses a
cryv-refrigerator to achieve focal plene temperatures in the 60K-65K tenocrature regime and
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uscs a 30cm (12 inch) aperture. The Option 1l sounder has a significant performance advantage
over the Optioa 1l sounder, but is coasidered to have higher risk duc to the lack of a demoastrated
refrigerator lifetime in the curreat time frame.

To cahance the Option 1l sounder capability the GOES-N spacecraft coacept is designed to
climinate the solar sail parasitic into the passive radiator and the spacecraft performs a semi-~
annual 180 degree yaw mancuver to kecp the summer sun off of the cooler. These two factors
allow a modest sized cooler to be implemented that operates in the 85K temperature regime.

933 Option Il Sounder Configuration

Section 9.4.22 demoastrates the difficulty of achieving simultancously the scasitivity, spectral
resolution, spectral coverage and temporal coverage embodied in the NOAA requircments

the instrument coafigura®on to a Michelson intcrferometer approach, as discussed ia Sectioa 9.3.2,
to achicve lower focal planc temperatures.  The 65K focal plane temperature, which is required (o
approach the overall instrument pesformance of requirements, is probably o) attainable with
mechanical refrigerators, but, at this time, such devices are coasidered %0 be t00 developmental for
an opcrational program such as GOES. While #t can be expected that coasiderable advances will
be made in that technology over the next few years because of the commitment h~"qag made in the
NASA EOS program, it is t00 carly o commit GOES-N to that approach. The study team
therefore decided to model both approaches, a passive radiator cooler for Option Il and a
mechanical refrigerator for Optioa 1.

As discussed in Section 9.1.2, the principal mitiative undertaken in the Option II system relative
to Optioa | is the provision for 2 HSRS. The system design features which are incorporated in
addition to the instrument approach are lasgely directed at achieving lower focal plane
temperatures for the sounder and benefit the imager as well as the sounder. They are described in
other portions of this report, as outlined in Sectioa 9.1.2.

Figure 9.3.3-1 shows the general instrument coafiguration modeled for the Option II sounder. It
is a single mirror, two axis scanner with a Cassegrain telescope (exteaded FOV of +2 mr)
collecting light for analysis in the Michclson interferometer aft optics. The focal plane
temperature modeled is 85K, leaving quite a gap in performance against NOAA objectives. A
35.6cm (14 inch) optical aper'ure is incorporated to provide some compensation for the relatively
poor performance. Increasing the collecting area is an expeasive method of improving
performance, due to the rapidly increasing weight penalty and the need to maintain optical quality
and scan efficiency of larger optics and scan misror. Further increases in the optical aperture are
not recommended, because they would severely stress the technology for this instrument approach.
A cooler for the aft optics is shown schematically in the same location as the filter wheel cooler
for the Option I (GOES-I) sou..der.
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Dectailed analysis for this cooler was not carried out, but operating temperaturcs below 200K will
be required if the instrument performance is to remain detector noise limited. The instrument
weight and volumc increascs relative to Optioa | arc drivea mainly by the increased optical
aperture.

Figurc 9.3.3-2 is an optical schematic for the interferometer design, takea from "High-Resolution
Intcrferometer Modification of the GOES-L/M sounder: Feasibility Stndy™ (Ycptember 1988).
‘The Cassegrain collecting optics is directly scaled up fom the Option [ sounder. A dichroic
beamsplitter at instrument ambient temperature separsates the IR and visible compoaeats and
another beamsplitter separates the visible spectrum to provide the Lght to separate focal planes

This study has not addressed altermatives to the forcoptics design preseated here.  There are
potcatial advantages 0 an off-axis, threc mimmor type forcoptic which may far outweight the
larger volame which would be required relative o the Cassegrain (Appeadix D.5 - The principal
advaatage is that direct illumination by sunlight of the secoadary mirror suspeaded 1a a high
thermal ismpedance spider is avoided, significantly casing the thermal design problem for three-
axis stabilized spacecyaft.  Secondly, th= extended FOV of such designs is potentially comsiderably
better than that for Cassegrain or Gregorian systems, casing coastraints placed on focal planc
technology. Thirdly, the unobscured optics will result in less diffraction for a given optical
aperture than for the obscured Cassegrain.  Further study should be carried out to select a
preliminary design for the three mirror foreoptic and 0 determine the relative advantages of these
two approaches.

The depiction of the Michelson interferometer aptics in Figure 9.3.3-2 is highly schematic. A
more detailed description can be found in Section 2 of the refereaced report.  The proposed
instrument retains three spectral bands for cptimization of detector respoasivity vs. wavelength. It
is important to note that, ualike the GOES I-M sounder, a common ficld stop (aperture plate) for
all spectral wavelengths has been placed at the first focus of the Cassegrain telescope. The ray
bundles exiting the ficld stop are processed through the interferometer in parallel and, finally, are
re-imaged through an array of fast condensing leases onto individual detectors much like the
GOES I-M arrangement. This approach assures that the final data will be spatially registered
band-to-band at the expense of what may be a difficult problem of registering the condeasing
lens array to the field stop. This particular aspect of the design should be analyzed more closely
because of the possibility that vignetting cculd render the information from one or- more focal
plancs useless. .

Morcover, the in~flight band-to-band adjustment mechanisms, recommended in any case, become
mandatory with this approach.

As discussed in Section 9.4.13, the requiremeat for band-to—band co-registration has been
recxamined in responsc 1o concemas of the study team, with the result that such co-registration
may not be an overriding concern.  Thus, an alternative approach similar to that used on GOES-I,
but with ir.-h.ght adjust mechanisms and thermal control of the aft oplus 10 improve band-to-
band co-rcgistration, may be preferable.
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The study has shown that in order to approach the combined requirements for the GOES-N
soundcr, not oaly must colder focal plancs be attained, but more detector channels must be
processed simultancously. Whereas the GOES-I souader spatially multiplexes four detector
channcls, GOES-N requircments can only be approached by spatially m-iltiplexing sixtcen. When
various possiblc arrangements of these chaancls in object space are coa: idered, it becomes
apparcat that the focal planc amrays become coasiderably lasger. Image rotation and cxtendod
FOV requircments become as significant as they arc with the iniages. In order to avoid scrious
problems with image rotation without sesorting to a two mirror scannacr as recommended for the
Advanced Imager, the field stops arc arranged as a 2 x 8 amray of 8.66km IGFOV's on 30km
ceaters casi-west by 20km north-south, with the short axis of the array oriented cast-west, as
shown in Figure 933-3. The visible channel focal plane array, equivaleat to 30 x 160 detectors
with cffective 1kmn IGFOV is synthesized from a coaveatioaal OCD with perhaps oac fourth that
IGFOV size. Large detector amrays (1024 X 1024) are available at the present time with detector
sizes of about 25um. Assumption of an effective focal length of about 3.56m (f/no = 12) results
in the smaller IGFOV. The visible mosaic overlays the IR focal planc in object space and
provides the high-resolution daytime cloud clearing function requested (RO18). Since the visible
amray is oversized relative to the IR, the very accurately co-registered visible data requested
(RO25, 14ur 30) can be syathesized.

The larger visible detector array is incosporated to allow a sparse IR sampling mode with full
visible data available for cloud clearing, thereby greatly increasing the spatial coverage rate. With
the focal plane amray of Figure 9.3.3-3, for instance, a "vestical venctian blind” coverage for IR
pixels can be obtained by stepping the array in object space by three IGFOVs to the east or west,
rather than the single IGFOV used for contiguous coverage. IR spatial fill factor of 33.3% will
be gencrated, but the contiguous 1km [FOV visible data necessary for doud clearing will be
available in the background. Other possibilities are clearly available, depending on what
combinations of sparsc sampling modes are desired.

No provision is made in the Option Il sounder for the 2Zkm coantemporancous IR cloud clearing
data requested (RO18-night). Even a single linear array covering the 160km north-south
dimeasion of the focal plane array would requirc an additional 80 cooled detectors, an
unacceptable thermal load for the passive radiation cooler.

Two foreoptics considerations, which were discussed in the cootext of the Advanced Imager, are
also of concemn to the sounder, and should be considered in Phase-B. As discussed above, the
effects of imag~ ...ation place constraints on focal planc technology and result in unavoidable
scan irregularities in object space, even with the arrays selected for this model. The climination
of image rotation by the two mirror scanner may well be as desirable for the sounder as for the
imager. Further, the size of the focal planc array stresses the capability of the Cassegrain design
selectcd. Use of the Ritchey—-Chretian design selected for the imager or the three mirror telescope
recommended for consideration there may provide some welcome margin for performance in the
case of the sounder as well.
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The bascline signal processing approach is to send the digitized intcrferogram to the ground
without performing any in—orbit signal processing such as the Fast Fouricr Transform. Section 11
shows that the communication subsystem can accommodate the required data rate within the
existing spectrum allocation, albeit at some increase in power requirements. It is the study team
position that unless there is overriding need to put this processor in the satellite, better reliability
will be realized by ground processing.

9.3.4 Option [l Sounder Configuration

Figure 9.3.4-1 shows the configuration of the Optioa IIl sounder. Mechanically, it differs from
the Option Il sounder in that a Stirling Cycle cooler has replaced the passive radiator cooler and
the optical aperture has been reduced back to the 30cm of GOES I-M It should be noted that
the mass of the two approaches is very similar since we can use the smaller optics aperture with
the refrigerator and still obtain much better radiometric performance. The refrigerator weight is
offsct by the lighter optics weight. The power requirement is of course higher for the Option 111
instrument concept because of the refrigerator.

The Stirling Cycle cooler is modeled after the plans for the AIRS mstrumeant on EOS. Four
compressors are mounted at the top of the figure to an external bulkhead which ba~. the same
orientation as the passive radiator cooler of Option II, but now rejects the heat fror the
compressor operation. Four cooler displacers are mounted to the aft optics below the
compressors, and with their "cold fingers” in thermal contact with the cooled focal plane. Each
compressor is connected to its corresponding displacer by a single line camrying the workirg fluid.
The units are operated in opposing pairs to minimize the mechanical excitation of the aft optics of
the instrument.  The schematic is intended to indicate mechanical isolatioa insofar as possible
between the compressor units and the and aft optics of the insttumeat. Two such pairs are
provided for redundancy, with oaly one pair operating at any time. No thermal switches are used
in the AIRS concept, so that the "OFF" pair of displacers presents a parasitic heat load to the
"ON" pair.

Use of mechanical refrigerators in long-life spacebome applications is in a developmental stage,
and flight proven hardware does not exist at the present time. However, NASA is making a
major investment in space technology in this area through the EOS program, which is relying on
mechanical refrigerators for several major instruments. [t is likely that by the "design freeze™ for
GOES-N, these devices will be available nearly "off the shelf™. It would not be prudent to rule
out the use of mechanicai refrigerators so early in the GOES-N development cycle, since this
technology appears to be a prerequisite to satisfaction of NOAA's sounding needs in the GOES-N
era. Instead, the work already in process should be supported with the view of incorporating it
with confidence in the GOES-N spacecraft when that decision point is reached.
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Usc of the mechanical refrigerator makes possible the incorporation of contemporancous IR
detectors for nighttime cloud—cleaning (RO18). Figurc 9.3.4-2 shows thc modification to the aft
optics requircd to implement this capability. Upstream of the interferometer, an achromatic
beamsplitter with ~ 90% transmission stcals a small amount of cnergy from the beam and reflects
it to a fourth port on the vacuum housing of the cooler. A relatively slow ficld ieas (f/no = 3)
images the scene on a linear array of 80 indium antimonide (InSb) or mercury cadmium tellurium
(HgCdTe) detectors at roughly SOum pitch. Figure 9.3.4~-3 shows the superposition of the
contemporaneous IR channels on the IR focal planc in object space. For the optical arrangement
of Figure 9.3.4-2, a slit aperture in the field stop at the telescope prime focus is required to match
the imaged linear array. However, the same concems expressed in Section 9.3.3 with this optical
design are applicable to Option II1. It is noteworthy that elimination of the ficld stop at the
telescope prime focus would allow the consideration of a staring area array for the
contemporaneous IR cloud clearing channels, with a corresponding improvement in sensitivity.
The visible cloud clearing array is identical to the Option I sounder.

94  Sounder Performance
9.4.1 Sounder Spatial Performance
9.4.1.1 Sounders Spatial Weighting Functions (SWF)/Encircled Energy

The relative response of a radiometric sensor to radiation arriving from a given direction with
respect to some arbitrary origin fixed in the scene is called the SWF. The system output at any
time is the integral of the product of the SWF and the scene brightness in the appropriate spectral
band. The SWF is primarily a function of the channel IGFOV in object space, ie., the IGFOV is
the result of mapping the channel field stop backward through a diffraction—-free optical system to
its resulting configuration in the scene. For a multi—channel instrument, (i.e., one that has
multiple channels sampling either spatially or spectrally diverse portions of the scene) each
channel's SWF is in general different. For GOES-N, the co-registration requirements for the
imager and sounder channels place stringent constraints on the SWFs of the various spectral
channels. Likewise, the specifications placed on matching channel spectral response ceatroids and
widths for the sounder attempt to raintain uniform spatial distribution of the scene contribution to
the measured radiance as a function of wavelength. The optical system unfortunately alters the
SWF in a wavelength dependent manner through the effects of diffraction, so that the "footprint”
in the scene may be quite different for two spectral channels which have identical IGFOVs. For
a scanning instrument such as the imager, the SWF is a function of time, as the IGFOV s moved
over the scene under control of the scan mechanism. For such a dynamic situation, the SWF is
further modified by the electronic bandwidth of the observing system.

For the GOES-N sounder, the SWF is given by the two dimensional convolution of the channel
IGFOV with the (on-axis) optical point spread function. Since the scanncr operates in a "step—
and-settle” manner and any residual scene scanning due to the spacecraft ephemeris is removed
by the IMC subsystem, the SWF for a given sounding column is not a function of time. The
SWEF is three dimensinnol, as it specifies the relative response versus two scan axis coordinates,
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but since for an idcal optical system it is radially symmectric with respect to the channcel centroid,
onc may cross scction thc SWF through its ceater and display it in two dimensions. Figurce
9.4.1-1 shows the spatial weighting function of thc two wavelength cxtremes of the GOES I-M
soundcr, as if they were perfectly co-registered in object space. The diffraction induced cffects in
thc SWF arc clearly significant for thc 30cm optical apenture and 242:6ur IGFGV applicable to
the instrument model.  Figure 9.4.1-1 in fact docs not properly show the possiblc impact for
scenc irradiance from far outside the IFOV because the GENII software used is not accurate for
SWF below about 1 per cent.  Further, a log scale would be more appropriate for the ordinate
because the dynamic range inherent in the scene is so wide that a large out-of-field high contrast
area in the scene may couple quite strongly into the spectral channel at even low values of SWF.

Diffraction effects hmit the encircle” cnergy performance of the sounder, particularly at the longer
wavelengths. The encircled energy ri.quirement RC28 (paraphrased) specifies that the two
dimensional integral of the normalized SWF over a circle about its centroid shal' be > 0.7 for a
radius of 1/2 IGFOV, and > 0.83 for a circie of radius 0.625 IGFOV. Figure 9.4.1-2, taken from
the GOES-I Critical Design Review (CDR) material, shows the calculated encircled energy
performance for the longwave channel as a function of primary to secondary mirror despace, the
most significant variable for that performance parameter. It can be seen that encircled energy of
~ 0.83 is the best achievable.

Since that level is principally due to diffraction, a requirement of 0.83 leaves esseatially no
margin for error for a 30cm optical system. For that reason, the encircled energy performance
requirement for GOES I-M was relaxed from a spectrally flat 0.35 at 1.25 IGFOV to be
wavelength dependent with a longwave value of 0.73. Aclieving the requested 0.83 or better at
all wavelengths implies optimal system performance for a 30cm aperture and essentially zero
despace tolerance. This performance level can be obtained with margin given the larger aperture
(35cm) and suitably athermal instrument design contempiated for the Option II sounder. ¥or the
Option III sounder, even with an athermal design, there is no margin for error due to its 30cm
aperture. Consideration should be given to either relaxing the requirement for encircled energy to
approximately 0.80 at 1.25 IGFOV, or encouraging the use of a larger aperture for the sounder.

9.4.1.2 Single Pixel Sounding

This topic is addressed only because the requirement document states that single pixel sounding
should not be precluded. What follows is an attempt to address an engineering type statement to
these words. NWS has not responded with any clarification of the intent of the words at the time
of the writing of this repor.

The ability of the sounder to retrieve vertical profiles of temperature and moisture in broken (i.e.,
partly cloudy or highly structured) scenes is intrinsically related to the encircled energy
performance of the instrument. This study has not addressed an error analysis for the retrieval
process nor selection of optimal cloud clsaring algorithms for controi of those errors. Thus, there
has been considerable discussion as to the correct irterpretation of requirements RCZS8, which
requires a sounding for a 60 x 60km area using 9 "clear” IFOVs, and RO28 which roquires
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“singlc” IFOV sounding. The crux of the problem is the extremcly large dynamic range of scenc
radiance mcationed in Scction 9.4.1.1 which results from the T* dependency of that radiance.
Extcnded clouds from well outside the IFOV can causc significant errors in the brightness
temperat:: associated with the scene.  Figure 9.4.1-3 shows the magnitude of this cffeat for
sounding at both short and long wavclengths through a holc in an otherwise overcast soenc. Two
striking coaclusioas can be drawn. First, the spatial resolution achicvable for sounding at short
wavclengths is dramatically beticr than at loag wavclengths. Sccond, sounding broken sceaes at
long wavelengths is limited to situations where relatively large clear arcas are available. Just how
large can oaly be determined by an error analysis for the retricval process, including the effects of
the cloud clearing algorithm to be used. Figure 9.4.1-4, defines the criteria for single pixel
sounding in terms of a yet to be detcrmined allowable error in infesred brightness temperature.

FIGURE 9.4.1-4
SINGLE PIXEL SOUNDING
SUGGESTED CRITERIA

° A CLOUD FREE AREA IS ASSUMED IN WHICH A SENSITIVITY IS ACHIEVED
EQUIVALENT TO 02K NEAT AT A SCENE TEMPERATURE OF 260K®

] SECOND, THE REQUIRED EXTENT OF THE CLOUD FREE AREA IS
WAVELENGTH DEPENDENT AND IS DEFINED AS THAT EXTENT NECESSARY
TO MAINTAIN THE ERROR IN INFERRED TEMPERATURE FROM A MAXIMUM
CONTRAST CLOUD AT LESS THAT 1BD K

° THIS ALLOWS AS FEW AS ONE GOOD SOUNDING PER 60KM X 60KM
SOUNDING AREA TO MEET THE REQUIREMENTS FOR INVERSION OF
RADIANCE DATA TO VERTICAL TEMPERATURE AND MOISTURE PROFILES

@ Recommended by W. Smith of University of Wisconsin

The NWS is currently planning to average the results of 9 separate "clear” soundings within a 60
x 60km cell to achieve the accuracy for their retrievals. If NWS desires to be able o work from
a single clear sounding in the cell, then the following criteria may be the correct statement of the
requirement to achieve a single pixel sounding:

Using 2 nominal scene coadition of 260K with an atmospheric emissivity of 1.0, thea the required
sensor noise equivalent change in temperature must be less than 0.2K in every spectral interval.

In additior a clear bole in the clouds must be twice the diameter of the IGFOV (i.c., for an 8km
IGFOV, the 10'c in the cloud should be 16km). This is defined to aconunt for the radiance
contamination of the clouds causing a different effective te.nperature to be measured. Other
critenia could >e developed for distance for the edge of a cloud in which the sounding column was
along only onc cdge.
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9.4.1.3 Sounder Co-registration Requirements

The sounder channcl-to—channel or co-registration. requircments, identificd as RC25 for this
study, were defined by NOAA as a core requirement 10 have the centroids of the SWFs for the
various spectral channcls matched to 2% of total IFOV width (10) and the half-power SWF
channel widths matched within 1% (10). The initial assessment of unmet NOAA requirements
versus spacecraft options that was presented at the GOES-N Study Final Review presented a
peedicted centroid matching to 10ur performance for all 3 options versus the 2% or 4.5ur
requirement and a half-power IFOV of 20ur for all three options versus the 1% or 2.2ur
requircment.

The study tcam's asscssment was that these requirements could not be met because:

° Diffraction limits the similarity of spatial weighting function,

° Fabrication and calibration techniques limit accaracy of matching ceatroids,

e Thermal and lifetime stability of beam splitier optics limits stability of co-registration
across the 3 spectral bands of all 3 soundcer optioas, and the

° Sicp & settle performance of the Option | sounder causes co-registration errors between
channels in the same spectral region.

A memo from Paul Menzel and Hank Revercomb of the Cooperative Institute for Meteorological
Satellite Studies (CIMSS) at the University of Wiscoasin titled “"Further Clarification of Some of
the GOES-N Sgecifications Czusing Difficulty® provided some potential clarification of these
requirements.  The appropriate section of this memo reads as follows:

Sounder Channel to Thannel Registration (Core):

This can be rewrittea so that the window channe] in each band (long. middic and short
wavelength) is the refereace of registration. Thus, “the channel to channel registration for ecach
channel within cach band with respect to the window channel in that band must be such that the
radiometric respoase centroids shall be within + 2% of the total FOV width and that the half
power FOV channel width:s shall match cach other to within the diffraction limit.”

This is a significant modification of the requirement and, if accepted by NOAA, should make it
feasible to match the ceatroids to the 2% required on the Option II and Option II1 sounders.
Problems in making measurenents of the width of the 1/2 powes points of the FOV will preclude
validatioa of performance to 1%. Brief discussion of how these requirements are approached in
the Sounder design are presented in the following sections.

An Option requirement to co-register cloud detection vistble and IR data within 14ur (30) and to
have all IFOV's matched to within 2% (10) was . ‘entified as RO25 for this study.

(cf., Section 9.4.3) Which discusses the cloud-clearing chamnels for the sounders and indicates
that this requircment can be met.
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9.4.1.3.1 Option 1 Sounder Co-registration.

The GOES 1-M sounder can be modificd to improve the co-fegistration performance without
major changes to the seasor.

Onc modification would be to slow down the filter wheel by about 10% and increase the fime
allowed for the scan mirror to step and settle from 28ms 20 38ms. This could reduce the motion
of the linc of sight during the ime soundings arc being measured from about 10ur to less than
Tur which causes misregistration of the sounding channels relative to the window channel. This
would keep the signal to noise ratio of the sounding channels unchanged but will increase the
time required to cover a given arca by 10%. This will also simplify the fabrication of the
sounder by allowing sorme reduction in the required performance of the cast-west servo of the
sounder.

Another modification would be to temperature stabilize the aft optics beam splitting assembly to
minimize diumal and scasonai temperature variations which causc the 3 spectral bands to change
their relative alignments. The modification in the co-registration requiremeats identified in the

9.4.132 Options I & Il Sounder Co—registration

The Option Il and Il sounders will require beam splitting systems to direct the signal to different
detector arrays in the 3 spectral regioas and thus would have similar co-registration problems as
the GOES 1-M sounder if the changes in the requirements ideatified in the CIMSS memo arc not
accepted. The large arrays proposed for the Option II & III sounders lead to long dwell times
and, thus, the step and settle time and performance of th= scan mirror should not be a significant
factor in the co—registration of these instruments. The beam splitting systems will be designed
considering the thermal variations to be scen on orbit and may irclude in-flight adjustments if
required.

Te edge of the mooa can be obscrved in the visible and sounding channels and used to verify the
cn—registration n orbit. The moon has an albedo of about 0.07 to 0.1 and thus would be directly
compatiblc with the visible and star scasor detectors. The sunlit portions of the mooa reach
temperatures of about 400K and thus for the IR sounding channels it will be necessary to
incorporate a system iu reduce the gain and thus avoid saturation when observing the moon. With
these design features incorporated it should be possible to check the co-registration of the sounder
in flight.

94.2 Sounder Radiometric Performance

9.4.2.1 Requirements

Three different technologies were considered for the high spectral resolution sounder: Fourier
Transform Spectromeier (FTS), grating spectrometer, and Fabry-Perot interferometer. Rather than
develop separate models spzcific to each approach, an existing Lotus 123 spreadshcet was
modifizd to do a gencric analysis.
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The spreadsheet model docs not aticmpt to simulzic complex atmospheric profiles. Instead, it is
assumcd that the atmosphere is a 260K blackbody radiator. A complete description of the
analysis is prescated in Appendix E eatitled “Advanced Souader Studics.”

The analysis shows that if all spatial, spectral and tcmporal requiscments arc to be met
simuitancously, then the NEAT requirement of 0.2K cannot be attained. The overriding limitation
oan NEAT performance is detector noise.  Actively cooling the foca! planc substantially reduces
detector noise, but still docs not achieve the desired NEAT performance.

Because detector noisc dominates all other noise sources, the following courses of action will be
of grecat benefit in improving NEAT performance:

- Cooler fore optics
~ Cooler aft optics
- Increased Analog-to-Digital (A/D) resolution

94.22 Performance Tradeoff

From the radiometric analysis, it is clear that in order to mect the NEAT requirement of 0.2 K,
performance trades must be made. Such alternatc performance considerations could include any
combination of the following:

Colder focal plane (to reduce detector noise)

Larger IGFOV

Smaller frame arca

Larger optics

Wider spectral bandwidths

More detectors in the focal plane
Increased frame time

Using a skip scan

PN M WN

This list is ordered in decreasing relative importance; that is, the first several items on the list
produce the most pronounced improvement in NEAT without compromising area coverage.

Figure 9.4.2~1 compares the expected NEAT for an actively cooled focal plane to that of a
passive oooler (i.e., 65K vs. 85K focal plare).

The effects of changing the IGFOV are illustrated in Figure 9.4.2-2.

Numerous additional plots are presented in Appendix E. The plots show projected NEAT
performance for a fairly wide range of spatial and temporal conditions. The conclusion to be
reached is that essential satisfaction of the sounding system requirements advanced by NOAA for
GOES-N can only be attzined by multiplexing many more data channels (i.c., using larger
numbers of detectors) and at the same time achieving much colder focal plane temperatures than
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ts the casc for GOES-I. Whilc the indication is that a cryo—-refrigerator is required and should be
pursucd, more study should be also be devoted to extendiny the passive cooler approach 0 lower
tempcraturcs as an option, should thc advance in reliability of the mechanical approach be Icss
than hoped for.

943 Sounder Performance ~ Cloud Clearing

NOAA's requiremeat for contemporancous visible imagery for sounder cloud detection at a 1km
resolution (IGFOV) was ideatified as Option requircment RO18 in this study and was also
interpreted by NASA as indicating a desire to see clouds at night using a 2km IGFOV in the
3.8um IR band.

Option | Sounder - 1km Visible for Cloud Clearing

The GOES 1-M sounder could be modified to provide cloud detection with 1km IGFOV visible
detectors. This could be accomplished using linear or area arrays of silicon detectors. A linear
array of 10 detectors in a vertical line each 1 x 1km could be readout during the time the sc7n
mirror is stepping to the new position. This could provide good seasitivity, greater than 3 to 1
south—north at a signal to noisc ratio of 0.5% albedo, but would have co-registration uncertaintics
because of uncertainties in the precise position of the scan mirror while stepping. Image rotation
effects on this data would match the rotation of the sounding detectors but would make the
generation of a contemporancous cloud images more difficult.

The preferred approach is to use an arca ammay of detectors, probably a CCD to detect the clouds.
The focal length of the sounder telescope is about 3.56 meters which would require detectors
10Cum on a side to provide a 1km IGFOV.

This is a large detector for a CCD array. Most CCD have detectors between 10 and 25um on a
side with a large aumber of detectors in rectangular arrays. It would be reasonable to use any
space qualified array, such as those used in CCD star trackers for the cloud detection. The signal
from the detectors would be summed in the spacecraft to synthesize a 10 x 10 array of 1km
iGFOV “detectors” and the data seat to the ground in the wideband data. This array would
integrate the signal from the scenc for part of the dwell time (say SOms) to minimize jitter due to
the step and settle of the scan mirror. This array would be very sensitive and could provide good
cloud detection at very low light levels. -

Co-registration of the visible data to the IR arrays could be done to better than 1/4 of a km (7ur)
by controlling the timing of the readout and, thus, could be adjusted in the TV chamber or in
flight. The readout of this array could be coetrolled so as to compensate for the image rotation so
that good cloud images could be generated, but the co-registration with the IR would degrade
slightly.

Either of these two approaches would increase the data rate from the GOES 1-M sounder because

100 x 4 visible channels must be telemetered versus the 4 channels in the present desigr. The
minimum increase in the data rate would be about 40,000bps.
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This same array could be used for star sensing if a spectral region could be identified that would
providc for both star sensing and cloud detection. This would remove some optical complexity
from the preseat design. The star sensor performance could be better than that of the present
sounder because it would be feasible to electrically back scan the data in the array to track the 73
wr/S motion of the stars as scen by the detectors. This would allow for a few scoonds of
intcgration time versus the 0.3sec. currcatly used in the Operation Ground Equipmeat (OGE)
which would improve the south-north by perhaps a factor of 2. A single readout of the array
would be done after the signals are integrated and sent to the OGE which would locate the star in
the FOV. In this mode it would be preferred to readout at the pixel resolution of about 1/4 km so
that the star could be located to better than 7pr.

Option I and Il Sounders - 1km Visiblc for Cloud Clearing

A similar approach could be used to provide 1km IGFOV visible for cloud clearing for the HSRS
used in Option II or Ill. The CCD array must accommodate the specific focal length of the
telescope and IR array size used in the HSRS. Assuming the focal plane array of Figure 9.3.3-3
is used, then an amay to synthesize a set of 30 by 160 1km cloud detection detectors would be
used as a2 minimum. Assuming that each physical detector has a 1/4km IGFOV, this is still a
small array of 120 by 640 detectors. These same detectors could probably be used for star
sensing as described for the Option I sounder. The final array size and processing are flexible
and should probably be selected to provide desirable sparse IR sampling modes for improved
spatial coverage.

Option I and II Sounders - 2km IR for Cloud Clearing at Night

The Option I and II sounders use passive radiative coolers. These coolers do not provide a large
enough cooling capacity at a sufficiently low temperature to make inclus.on of this capability
feasible.

Option 111 Sounder - 2km IR for Cloud Clearing at Night

The Option III sounder uses mechanical refrigerators to provide the cooling of the IR focal planes.
The refrigerators proposed for the Option IlI sounder have sufficient capacity ai a low enough
temperature to make technically feasible the inclusion of an IR array to provide a 2km IGFOV IR
Jetection system operating in the 3.8um spectial region. This IR array must steal a little light
from the short wave spectral region of the sounder and be imaged on an IR detector array as
shown in Figure 9.3.4-2.

The IR array may be implemented as a linear or area array using an approach similar to that
proposcd for the visible cloud clearing detector arrays. The scan rate of the GOES~I imager is
350,000u1/s while the rate of motion of the sounder scan mirror while stepping is under
20,000ur/s. This indicates that there will be sufficient cnergy to operate in this mode even if less
than 10% of the light is diverted from the sounding beams.  For the proposcd array of sounding
channel IGFOVS, a lincar array of 80 IR detectors is required.  This contemporancous IR data
would have a small impact on the data rate of the HSRS.
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While the Option 11l sounder model uses the lincar array, less light would be required and better
performance could be achicved if an arca array of IR detectors were used.  Amays of InSb and
Platinum Silicon (PtSi) detectors have been developed that may be able to be ised at the proposcd
focal planc tcmperatures with appropriate optics and clectronics to process the signals.  Scnsitivity
calculations are required for confirniation of this approach. Use of an arca array would require
moving thc contemporancntis IR beam splitter before the field stop in the telescope focal plane.

While it is technically feasible to incorporate 2km IR detectors for cloud detection at night in the
Option III HSRS, it wilt have a significant cost impact. The Phasc~B study of this instrumcnt
should include this capability as an option and the real cost difference established. A concurrent
study activity should be conducted by NOAA to cstablish the importance of this contcmporaneous
IR data to the performance of the sounder and the impact of the difference in the data on their
products and forecasts.

9.5  Technology Issues
9.5.1 Technology Issues Nighttime Operations
9.5.1.1 Thermal Modeling of Sunshade Effects

An analysis was performed to determine the thermal gradients in the sunshield and the heat inputs
into the scan mirror as the length of the sunshield is increased. The length of the sunshield
required to shade the scan mirror from direct sunlight as a function of orbit position or local time
and as a function of sun angle relative to the equatorial plane or time of year is shown in
Appendix D.3. At periods around the equinoxes, there are times that the sun cannot be shaded
regardless of the length of the shield. The current design of the GOES-LJ,K scanners utilizes a
sunshield approximately eight inches long which shades the scan mirror from direct sunlight for
periods up to two hours after 6:00 P.M. and before 6:00 A.M. The shield does not shade the scan
mirror between 8:00 P.M. and 4:00 A.M. A shield of four feet was selected as the maximum
practical length to be considered in this analysis.

The sounder sunshield was modeled as shown in Figure 9.5.1-1 as a rectangular conc four feet
deep with a rectangular patch at the base to represent the scan mirror aperture. The cone walls
were divided into 112 zones to enable prediction of temperature gradients as a function of time of
day. The earth viewing face of the spacecraft was modeled as a plate, and a second cone was
modeled as shown in Figures 9.5.1-2 and 9.5.1-3 to approximate a similar sunshield on the
imager. The earth viewirg facc of the spacecraft was assumed to be covered with multi-layer
insulation (MLI), faced with aluminized Kapton, Kapton side out (a=0.45, €=0.78); the interior
surfaces of the cones werc assumed to be painted black (a=0.96, €=0.87); and the extcmal
surfaces of the cones were assumed to be painted whitc, with or without an MLI blanket (a=0.01,
£=0,03; or u=0.25, £=0.85).

The scan mirror, scan optics and the radiation shiclds behind the scan mirror were not modeled
becavse of the complexity and cost of e analysis that would be required.  Instead, the patch was
assumed to be black («=0.99, £=099) and decoupled radiatively and conductively from the rear.
Two conditions were analyzed: (1) the patch temperature was allowed to come to cquilibrium; and
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(2) the patch was held constant at 20 degree C and the power required to maintain that
tcmperaturc was computed. Steady state solutions were obtained for an cquinox orbit at positions
cvery 10 degree between 6:00 P.M.(90 degree) and midnight (180 degrec). These solutions also
apply in reverse order for positions between midnight and 6:00 A.M. because of symmetry.

The results for the four foot sunshicld arc shown in Table 9.5.1-1. Temperatures arc provided for
three positions on cach conc wall. The specific locations are nodes 8, 11, and 14 on the south
wall, 36, 39, and 42 on the west wall, 64, 67, and 70 on the south wall, and 92, 95, and 98 on the
east wall. The patch column in the second of the two conditions lists the power required to
maintain the patch at 20 degrec C. At the 90 degree orbit positior, the sunlight does not enter the
cone and the cone and patch temperatures are cold. At the 100 degree position, the sunlight
illuminates the top nodes of the cast wall of the sunshield. At the orbit position of about 155
degree the sunlight illuminates the east wall down to the patch and poriions of the north and south
walls. At the 170 degree orbit position the patch is fully illuminated by sunlight, and at
approximately 1 degree later the spacecraft enters the earth’s shadow. Table 9.5.1-2 shows the
effect of removing the insulation from the external surfaces of the sunshicld and painting these
surfaces white. These temperatures are substantially cooler than those in Table 9.5.1-1.

To compare the results from the four foot sunshield with a sunshield comparable to that used on
GOES-LJ,K, the model was modified by retaining the nodes adjacent to the patch and removing
the outer six layers of nodes. The results are shown in Tables 9.5.1-3 and —4 for comparison
with Tables 9.5.1-1 and -2. The configuration comparable to GOES-1J,K is shown in Table
9.5.1-3. The temperatures of the smaller sunshield are cooler.

Table 9.5.1-5 shows the results for two sunshields of intermediate lengths: (1) three layers of
nodes long and (2) five layers of nodes long. Only the patch temperature floating condition was
computed for these two sunshield lengths.

It is difficult to draw conclusious from these results without knowledge of the thermal
performance of the GOES-I,J,K scanner. However, this analysis does show that the "earth patch”
stays cold longer than the short earth shield and, thus, provides a more benign environment.

The scan mirror is highly polished. Part of the sunlight incident on this mirror is absorbed and
the rest is reflected into the scan cavity. There, much of the energy is absourbed oy thermal
shields which are thermally isolated from the cavity walls. The north wall is not shiclded and its
temperature is regulated by thermal control louvers. The temperatures of the scan mirror and the
thermal shields rise sharply as the sunlight strikes the scan mirror and begin to cool when the scan
mirror becomes shaded from the sun. The thermal responses vary depending on the thermal mass
of each element and on the time intervals that each is exposed to direct or reflected sunlight. The
critical factor is the thermal distortion introduced by temperature gradients in the scan mirror.
These gradients are increased when the mirror heats up.  In addition the front to back gradients
reverse during the cool down phase. A detailed model of the scan mirror and the clements in the
scan cavity is nceded to assess the cffects of changes in the length of the sunshicld and in its
external surface properties.
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FOUR FOOT SUNSHIELD WITH EXTERNAL INSULATION

1. Patch Temperature Floats

TABLE 9.5.1-1

TEMPERATURE, °C

Ocbu South West North East
Anglc )
Bu | Mid | Top | Bat Ilﬁleop Bat lMileop Bat Iml'rop
%0"* l -114 | -131 | -157 } -100 } -115 | -130 | ~-115 | -132 | =157 | -113 | -130
100° -62 | -56 -56 -57 -15 =50 -62 -58 -37 -0 -65
110° -31 -14 -9 -28 =2 -12 =11 -14 11 -3 -26
120° -4 19 pal -2 30 13 -4 21 40 -3 4
130° 30 53 45 3 64 29 2 60 56 30 123
140° n 81 s7 K ] 89 38 3 9% & 76 154
150° 109 105 a3 115 107 42 111 124 2 116 156
160° 168 | 124 67 162 116 41 170 133 3 184 153
170° 190 | 130 66 179 116 |- 36 192 133 0 199 142
180° | -154 | -171 | -187 | -154 | -171 | -190 | -154 | -171 | -187 { -155 | -171
2. Paich Temperature Set at 20°C; Patch Column is in Watts.
e
Oebit South West Nocth |
wc ——— ;==g==“
B | Mid |Top | Bot | Mid | Top | Bt | Mid | Top | Bt

90° =21 -85 -135 | <17 | -78 -116 | -21 | -86 -135 | 20

100° -13 -2 -S3 -9 -32 -7 -13 ] 4 -34 -12

110° -3 -7 -8 0 4 =11 -3 -7 12 -2

120° 8 21 26 9 33 13 7 3 40 8

130° 24 s1 “ 27 63 29 3 59 ss pi s

140° 50 76 56 78 84 37 51 89 64 ss

150° 76 97 61 84 99 39 78 117 68 8

160° 1107 | el 9% |97 33 1 | Le |67 130

170° 116 106 57 9% 89 24 119 ] 110 62 130

180° =25 -96 -147 | 224 | -95 -147 | =25 | -9 -147 | -4
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TABLE 95.1-2
FOUR FOOT SUNSHIELD WITH NO EXTERNAL INSULATION
TEMPERATURL, "C

— = - N e - -
South I West I Nosth Eam
Md | Top Bot Mid | Top | Ba Md | Top | Bax Mid | Top
- — _ -

-98 -123 | -18 -3 -28 - -98 -113 | -88 -100 | -125

-66 -81 -3 -9 -15 -52 =61 -56 -57 -81 49

43 —49 7 4 — -28 =35 -2 -37 —66 84

-25 -3 16 14 4 -10 -14 3 -2 =53 82

-9 -9 3 24 8 s 6 18 -10 53 77

6 0 n 30 8 19 7 o 8 n ()

20 6 38 3 6 k)| 48 3 2 % 57

35 9 5?7 32 0 68 2 37 77 58 41

41 9 66 28 -7 8- 53 38 86 42 20
{-190 | -198 | -179 | -188 | -197 | ~178 | -187 | -191 | -180 | -197 | -206

Octt Somh West North East
m W

Ba Mid Top Bx I Mid l Top l Bt Md | Top Bot Mad
90° -60 -92 (-121 ] -2 -7 —62 -91 -109 | -59 -94 -123 } 37
100° =37 -63 -80 6 -7 -4 -37 -58 -55 —41 -78 49 )
110° -20 —41 -1 14 5 — -18 -33 -2 -26 -64 s 24
120° 7 -24 -3 21 15 4 -3 -13 X} -15 -52 82 19
130° 5 -8 -9 7 o/ | 8 8 7 i8 -5 54 7 13
140° 16 6 1 RN 30 8 X 27 7 ) 77 ) 5
150° pa 20 6 37 33 6 30 48 33 pal 69 57 -3
160° % 32 8 39 pal -1 52 50 36 61 56 0 -91
170° 55 36 7 36 n -9 60 48 35 61 37 18 -151
180° -86 -153 | -1%1 | -85 -152 | -i79 | -85 -148 | -166 | -85 -i55 | -186 | 4o .
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TABLE 95.1-3

SMALL SUNSHIELD ‘WITH EXTERNAL INSULATION

1. Patch Temperature Floats

TEMPERATURE, °C

PR v | = [ oo
90° -161 -134 -163 -163 -154
100° -59 -56 -42 67 ~59
110° -11 -2 1i 118 ~14
120° K |) 3 51 141 36
130° 59 19 N 144 76
140° 80 32 86 143 106
150° 91 41 9 140 128
160° 98 54 102 132 138
170° 105 87 106 12 45
180° -178 -178 -178 -1 ~167

2. Paich Temperature Set at 20°C; Patch Column is in Watts.

West North East
-67 =74 -74
-34 -3 74
-14 17 121

-1 48 140
2 61 138
5 70 134
6 76 126
18 80 114
59 83 101
=75 -75 =75
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TABLE 95.14
SMALL SUNSHIZLD WITH NO EXTERNAL INSULATION

TEMPERATURE, °C

Angle Scuth West | North East
90° ~140 -34 -149 -145
100° -66 -15 -62 25
110° =25 -1 -17 2
120° 8 11 18 92
130° 33 p. | 37 95
140° 52 27 52 96
150° o3 51 63 94
160° LY 39 70 89
170° 75 62 74 80
180° -182 -181 -183 -184

2. Patch Temperature Sect at 20°C; Patch Column is in Watts.

Angle South West North East Easth
9%0° -97 -3 -101 -99 47
100° -53 -8 -9 30 39
110° -20 3 -12 3 26
120° 8 10 18 92 -2
130° 3 14 33 92 -40
140° 43 16 4 90 -79
150° 51 16 51 85 -114
160° 57 2 57 78 -133
170° 61 35 60 67 ~145
180° -108 -108 -108 -108 50
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TABLE 95.1-5
OTHER SHIELD SIZES WITH NO EXTERNAL INSULATION
TEMPERATURE, °C

1. Patch Temperat:zre Floats; 3-Layer Suashicld

South % West North East Earth
—_— —_— ——— _— ——— l’aldl
Bot Mid Top Bot Mid Top Bot Mid Top Bot Mid | Top
— —
=101 -106 | -118 -3 =25 ~-27 -106 | -113 | =124 | =102 | -111 |} -123 -85
-56 =60 -67 -5 -6 -10 -3 -62 -64 -64 =79 K’ -48
~29 =33 -35 10 8 3 -29 -32 -28 =41 -4 72 -Z8
-8 -3 -10 2 19 13 -7 -8 -2 -3 58 82 -9
9 6 8 n 28 19 13 18 12 49 7 9 11
4 24 21 42 R 2 35 35 2 78 81 n 47
46 44 30 52 38 24 62 47 30 91 76 64 N9
67 52 35 59 40 3 73 s3 34 89 68 52 130
n 55 38 61 3 .} 78 56 36 82 56 35 149
-181 | -186 | -192 |} -180 | -186 | -190 | -179 | -186 ] -191 | -182 | -193 | -202 | -164
e —
2 Patch Temperature Floats; 5~Layer Sunshield
—— — — —

Orbit South West North Eas. Earth
Angle Patch
Bt | Mid |Top | B | Mid | Top | Boe | Mid | Top | Ba | Mid | Top

o

90° -93 | -100 | -119 -20 -2 =27 -97 | -105 | -120 -93 | -103 | -123 =75
100° -54 -a3 =73 —4 -8 -12 ~55 —64 -62 -59 -81 49 —15
110° -30 -38 11 8 6 0 =29 =37 =27 -38 =56 83 =29
120° -12 -19 -16 17 17 9 -11 -16 -2 -2 =33 82 -14
130° 4 -3 0 27 26 14 6 7 10 -8 58 78 4
140° 19 13 10 36 32 16 23 26 19 40 78 70 3
150° 32 32 17 45 34 15 40 43 25 86 70 60 45
160° 64 43 n 59 35 12 69 49 29 89 60 45 17
170° 9 47 23 65 32 7 82 50 30 85 46 26 149
180° -179 | -189 | -195 | -179 | -188 | -193 | -179 | -189 | -193 | -181 | -197 | -203 M -163
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9.5.1.2 NMight Visible Opceration

An asscssment was made of the possibility of using a visible spectral band to obscrve moon
illuminated clouds down to 1/4 moon conditions. It was determined that this capability cannot be
incorporated into any scanning imager design. A scparate sensor is rcquired that operates in a
staring mode.

If a scene condition is assumed to be 1/4 moon illumination of a cloud with 80% reflectance,
then the following performance can be achicved. The target radiance was calculated and is listed
below.

SPECTRAL BAND | - = IRRADIANCE ‘(W/m2-sr)

FULL MOON 172 MOON 1/4 MOON
0.55 —0.75um 4X10" 5X10°Y 1X10°%
0.55 - 0.90um 7X10" 9X10°" X108

Tbe seasor is conceived *o use a 1000 <« 1000 pixel solid-state imaging device with an F/3 optic
(6cm aperture). The IGFOV of each element is 2km. The following signal-to—noise performance
can be provided:

' DWELL TIME PIXEL " SIGNAL-TO-NOISE
(SECONDS) - |  AGGREGATION - (/4 MOON, 80% ALBEDO)
5 1X1 23
5 X2 5.0
10 2X2 7.2 ]

This seasor would be smaller than the LMS and has better resolution. It may be possible to
madify the LMS to provide this capability through a separate focal plane using the same optics.
However, the present configuration places the bandpass filter for the lightning event detection in
front of the optics to be able to achiecve and maintain the narrow spectral bandpass. If the filter
remains in this position, then modifica'ion of the LMS is not rccommended, and a scparate sensor
shou!ld be developed. The technoiogy risk is low.

To truly proceed with this capability some basic data requircments must be stated before design
can commence. A night visible scnsor with 3km IGFOV's would cover a 3000 x 3000km area.
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9.5.2 Technology Issucs - in-Flight Co-Registration Mcchanisms

The stringent requirements imposcd on the imager and sounder for INR performance result in
derived requircments for mechanical stability of the system with life, vibration, and thermal
caviroament which exceed the capability of conveational mechanical system design. The
susceptibility to these effects may vary somewhat with the particular design concept, but these
effects must be dealt with for any system in which ultimate pointing stability and accuracy of a
few arcsec is required. (The RO2 navigation requircment for the imager of 2km 30 at 45 degree
latitude corresponds to a pointing knowledge of 33ur or 7 arcsec at nadir). Indeed, the thermal
modcling of the instrument and spacecraft together shows that thermal effects give rise to diumal
pointing dislocations of the order of 1000ur peak-to—-peak, necessitating the assumption of day-
to—day repeatability to enable image motion compensation for that effect as well as the effect of
orbit inclination. Thus the effect on pointing of a single IFOV in the GOES I-M system is quite
large. The GOES I-M system assumes that the thermal distortion effects are ideatical for the
multiple IFOVs incorporated in both instrumeats, an assumption which is certainly true for
spacecraft effects which result in rotations of the entire instrument frame-of-reference. It is also
approximately true for those instrument thermal distortions that only affect the alignment of the
primary and secondary mirrors. In the aft optlics, however, to the extent that the optical systems
become differentiated for the various spectral bands and detector channels, the opportunity for
mechanically and thermally induced differeatial distortions between IFOVs arises. As the aft
optics design becomes more complex, the problems of obtaining and maintaining optical
alignment become more difficult. In this situation, depending oa the susceptibility of a particular
design and the requirements for co-registration of the multipic [FOVs, consideration must be
given to the use of in-flight control mechanisms to compensate for the effects of the launch
vibration eanvironment and possible gravity release misalignments. Further, for differentiated
optical systems, it may be necessary to employ precise thermal coatrol to avoid diumnal or
seasonally driven pointing errors bet-ween I[FOVs.

These considerations have been the primary motivation in the selection of the design approach for
the Advanced Imager, in which only one beamsplitter is employed to separate the warm and old
focal planes. Within a givea focal plane, since all IFOVs are affected equally by purely boresight
optical shifts, the co-registration accuracy is primarily govemned by the manufacturing precision
with which the field stops can be assembled and by the system optical speed, which should be as
slow as possible to maintain high tolerance for dislocations in the focal plane. In general,
however, sensitivity requirements drive the system to high optical speed, so that a compromise 1is
necessary. For the Option III imager, th2 suggested focal ratio of 3 results in a plate scale (spatial
displacement in the focal plare resulting from a given angular displacement in object space) of
0.89um per wr. Thus a 14um displacement of one IFOV with respect to another in object space
(the maximum allowed by RC4) would result from a displacement in the focal plane of 12.5um.
According to SBRC, the precision with which dctectors of different bulk material can be
assembled in a common focal planc is 2.9um mms, or about Y9um 30. Thus there is very little
tolerance remaining for alignment and stability of the beamsplitter which scparates the warm and
cold focal planes. It is therefore recommended that an alignment mechanism be incorporated to
provide tor in-flight registration of the focal planes, and that the aft optics be thermally stabilized
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to prevent divmal and scasonal misregistration cffects. Note that obtaining 14ur co-registration
with optics faster than F/3 will be even more ditficult since manufacturing tolcrances become
morc significant. Conversely, the scasitivity discussion of Scction 9.2.2 shows that NEAT
performance would suffer relative to guidcline requiremeats for much higher focal ratio.

This discussion can be gencralized o a rccommendation that in-flight adjustment mechanisms and
thermal stabilization be considered for any instance of multiple focal planes, such as that required
for the HSRS, where the stated requirements for co-registration of the spectral channels arc even
more 7estrictive and probably ot physically realizable, as was pointed out in the course of the
study. It has been suggested that, for the sounder, the individual focal planes associated with each
spectral region might be scparately co-registered to a window channel within that individual
spectral region. This compromise, if accepted by NOAA, could mitigate the requirement for in—
flight adjustment. Howsver, the utility of the high-resolution cloud clearing array on the warm
focal plane would be somewhat reduced, requiring individual co-registration for each cold focal
plane to the warm focal plane. The data from the array could become useless if the various focal
planes were subject to diumal temperature driven dislocations. Thus, it is likely that temperature
stabilization will still be required.

Specific approaches for co-registration of the focal planes have not been addressed in the
Phase-A study since detailed optical system designs have not been performed for the
developmental instruments. Hcwever, several approaches might be employed. For simple
adjustment of the lines of sight, a tilt control of reflective optics such as a fold mirror in a
particular optical path could be used, as was done in the TM design. Lateral shifts of such
elements can also be used to obtain a single degree of freedom in image location. Lateral shifts
of optical elements with optical power, such as a relay leas, present another possibility, although
the optical design is considerably more complex. Much more difficult would be a lateral shift of
the focal planes themselves, particularly where cooled detectors are involved. Mechanisms for
implementation of the adjustments include "inch-worms”, as used in TM, and motorized
micrometers, as used in the enhanced TM. Funher study of the application of such mechanisms
to the developmental instruments for GOES--N is recommended for Phase-B.

9.5.3 Technical Issues - Cooler Capacity
9.5.3.1 Passive Radiation Coolers

An analysis was performed to study ways of enhancing the performance of the ITT radiative
cooler design for GOES-1,J,K to enable a similar design to operate at substantially lower
temperatures. The initial approach was to study the heat balance data for the GOES-1,J,K imager
and sounder coolers as provided in Reference 1 for three conditions:

1. Equinox

2. Summer solstice (SS), beginning of life propertics (BOL)
3. Summer solstice (SS), end of life propertics (EOL)
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The temperatures and heat inputs of the GOES-LJ,K imager and sounder coolers are si.own in
Tables 9.5.3-1 and -2. The worst case condition is summer solstice, end of lifc. Of the three
cascs, the most favorable condition is cquinox. The absence of sunlight on the sccond surface
mirror radiator and into the rectangular conc of the shicld Icads to the coolest temperatures of the
shicld and thc radiator. If the summer solsticc condition can be avoided by flipping the spacccraft
at cach equinox, then the equinox would become the worst case and the control temperature could
be lowered to about 95 degrec K. Another major source of heat inputs to the patch is the
astromast and solar sail, which if eliminated would result in further reduction of the patch
femperature.

In order to predict the effects of modifications to the coolers, a Sysicm Improved Numerical
Differencing Analyzer (SINDA) modcl «f the imager cooler was denved from the data in
Table 9.5.3-1. The model, for the cquinox orbit environment, consists of:

1. Diffusion nodes for the patch, radiator and shield;

2. Boundary nodes for space and for the instrument interface with the cooler;

3 Heat inputs for joule heating, control power, solar heating, astromast and solar sail heat
loads, and a fixed input for the ports;

4. Conductive and radiative couplings derived from the data in Table 9.5.3-1.

The latter were assumed to be constants and were selected from the values derived for each of the
three orbit environments. For the port inputs the best fit with the data was devcloped by trial
and error assuming 2 fixed input plus a radiative coupling. The model was checked by re—
computing the three orbit conditions in Table 9.5.3-1. The results are shown in Table 4, where
the Table 9.5.3~1 temperatures are shown in parentheses. The agrcement for the patch
temperatures is within 0.2 degree K and within 2 degree K for the radiator and the shield.

The patch temperature for the equinox orbit environment without control power is 88 degree K
(Run 4 of Table 9.5.3-4). If the input from the astromast and the solar sail is removed from the
equinox case, the patch temperature drops to 70 degree K (Run $ of Table 9.5.3-4). The final
run simulates the effect of removing the cone from the cooler. The resulting patch wemperature is
68 degree K. If a 7 degree K imargin is added for control power, a passive cooler at about 75
degree K appears to be feasible for GOES-N using the GOES-1,J,K cooler design if the
spacecraft can be oriented to keep sunlight from impinging on the shicld radiator and cone and if
the astromast and solar sail can be removed from the FOV of the patch and radiator.
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TABLE 9.5.3-1

IMAGER COOLER HEAT INPUTS

- ORBIT ENVIRONMENT “EQuUINOX " |..SS,BOL | SS,EOL
| PATCH TEMPERATURE, DEGREE K 105.0 105.0 105.0
RADIATOR TEMPERATURE, 1148 143.7 151.1
DEGREE K
SHIELD TEMPZCRATURE, 1475 227.4 248.6
DEGREE K
A . .. PATCH INPUTS, mW .. . PR ]
CONDUCTIVE 3.0 1.9 1 |
INSULATION 1.2 7.2 9.4 |
SHIELD WALL 44 333 a0 |
OPTICAL PORT 1.0 24 30
ASTROMAST & SOLAR SAIL 626 66.3 66.3
JOULE HEAT 17.8 17.8 16.8
CONTROL POWER 103.0 54.1 5.4
TOTAL 193.0 193.0 193.0
| " RADIATOR INPUTS, mW
l_cowoucnve 65.6 159.7 181.6
INSULATION 17.7 127.7 180.1
SHIELD WALL 2.4 19.0 270
OPTICAL PORT 30.1 39.2 437
ASTROMAST & SOLAR SAIL 435 462 46.2
TOTAL 1593 391.8 478.6
‘ SHIELD/HOUSING INPUTS, W -
CONDUCTIVE 3.370 1.365 0.883
INSULATION 1519 0.947 0.680
SUN 0.000 25.306 37.882
TOTAL 4.889 27.618 39.444




TABLE 9.5.3-2

SOUNDER COOLER HEAT INPUTS

T e —

ORBIT ENVIRONMENT EQUINOX SS, BOL SS, EOL H
PATCH TEMPERATURE, DEGREE K 102.0 102.0 1020 |
RADIATOR TEMPERATURE, 107.6 1455 154.7 H
DEGREE K
I SHIELD TE! PPERATURE, 136.0 226.0 247.9
DEGREE K
N PATCH INPUTS, mW
CONDUCTIVE 17 113.2 16.0
INSULATION 0.7 9.0 12.4
| sHiELD wALL 29 320 46.2
| oPTicAL PORT 17 42 3.1
PSTROMAST & SOLAR SAIL 62.6 66.3 663
JOULE HEAT 12.0 12.0 12.0
| contROL POWER 90.2 35.1 136
| TOTAL 1 1718 171.8
| RADIATOR INPUTS, mW
CONDUGTIVE 54.9 148.0 168.1
INSULATION 129 128.5 184.9
SHIELD WALL 1.7 17.9 26.0
OPTICAL PORT 9.9 70.6 1003
ASTROMAST & SOLAR SAIL 435 46.2 46.2
TOTAL 122.9 4112 525.5
' SHIELD/HOUSING INPUTS, W
CONDUCTIVE 2.444 0.953 0.615
INSULATION 1.086 0.684 0.492
SUN 0.000 25.306 37.832
TOTAL 3.530 26.943 35.989
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TABLE 9.5.3-3
SUMMARY OF RESULTS

RUN # | CONDITIONS ~|..  TEMPERATURES, DEGREE K H
PATCH | RADIATOR | SHIELD H
1 SUMMER SOLSTICE, BOL 104.8 141.8 2269 |
(105.0)* (143.7)* (227.4)*
2 | SUMMER SOLSTICE, EOL 104.8 149.8 248.1
(105.0)* (151.1)* (248.6)*
3 | EQUINOX 104.9 1132 145.9
(105.0)* (1148)° |- (1475
4 : EQUINOX - NO CONTFOL 88.3 112.3 145.9
} POWER
5 | EQUINOX - NO CONTROL 69.9 105.5 145.8
POWER, NO ASTROMAST
€ | EQUINOX - NO CONTROL 67.5 105.0 145.9
POWER, NO ASTROMAST,
NO COOLER CONE

* (GOES-I,J.K results)

A modified GOES-LJ,K cooler was proposed by R. Annable? for the GOES-N advanced sounder
which can operate at 80 de_ree K with 20% increase in detector heat loads. The major
modifications were:

1. Reduction of the thermal loads from the astromast and solar sail to the patch from 66.3mw
to 12.4mw by changing the astromast surface finish from diffuse fiberglass (a=0.80) to a
specular reflector (a=0.15);

2. Reduction of the input from the shield walls to the patch by lowering the shield
temperature (by removing the sun load on the cooler cone and the second surface mirror
radiator on the shield/housing) to the values obtained at cquinox for the GOES-LJ,K
cooler.

The combinati~. of (1) and (2) above reauces the uncontrolled patch temperature to 72.5 degree
K, which allows controlled operation at 80 degree K. The uncontrollec patch temperature is
warmer than the results from Run #5, Table 9.5.3-3 because the patch heat inputs are 12.4mw
higher than the values in Run #5.




To climinate the sun load on the shicld, Annable proposcd yawing the spacccraft by 180 degree
cvery six months, but he rejected this solution as undesirable for reasons other than thermal.
Instcad, he proposcd a partial sunshicld rotating at onc revolution per day. The shicld/housing
~adiator was divided into a fixed part 1o cool the region behind the patch and radiator and a
rotating part to cool the rotating shicld. The cocler fixed radiators (patch radiator and vacuum
housing) were increased to support a 20% incrcasc in detecior load and were configured within a
16 inch diameter circle. For a controlled patch temperature of 80K the radiator and shicld
tcmpceratures were sized to operate at 108K and 153K, respectively.

From the results of this analysis and the work of Annable discussed above, the curreat GOES -
LJ.K radiative cooler design should be capable of opcrating at a controlled patch temperature of
about 75 degree K without modification if the astromast is removed from the FOV of the cooler
cone and if the spacecraft is flipped at equinoxes to prevent sunlight from impinging on the
shield/housing radiator and into the cooler conc. From the work of Annable, an increase in the
joule heating from added detectors can be accommodated by increasing the size of radiators by a
comparable amount. One may also want to -oasider the circular configuration of the radiators as
proposed by Annable but without the rotating sunshield. Temperatures lower than 75 degree K
may be feasible, but further study is required to comsider methods to seduce the heat inputs by
conduction and radiation to the rear of the patch, radiator, and shield/housing.

9.5.32 Mechanical Refrigerators

The issue of the technical nisk of cryogenic refnigerator tecanology in the GOES program can oaly
be addressed by observing the progress of the technology over the next several years. The NASA
Earth Observing Program is committing significant resources to develop refrigerators with S year
life. This activity should benefit NOAA instrumeatation at some time in the future. In addition, a
British instrument will fly a cryo-refrigerator with a multi-year life within the next two years.

Without positive results from these activities NOAA should not plan on using refrigerators in the
operational eavironment. However, if the mission requirement drives the need for focal plane
temperatures below 80K, then this technology will have to be considered. It may be possibie to
aesign an interface that allows a passive rdiator to be used initially while later units use a
refrigerator to improve performance.

REFERENCES:

1. ITT, Aerospace/Optical Division, GOES Critical Design Review
(Mechanical/Structural/Thermal), May 24, 1988

2. R. Annable, 80K Radiant Cooler for the Advanced Sourder, ITT DEFENSE,
Acrospace/Optical Division, Mecmo dated February, 28 1990



9.6 Lightning Mapper Scesor (LMS)
96.1 Lightning Mappcr Scrsor (LMS) Normal Mode of Operation

The LMS is the first payload specifically designed (o detect lightning from a geosynchronous
satcllitc and to locatc it with respect 0 tesrestrial coordinates. Is spectral, spatial, and tcmporal
resolution have been optimized to obscrve lightning, and its FOV has been sclected so that acardy
full-disk coverage can be achicved. It has the capability to analyze and output lightaing data in
rcal time.

The LMS obscrves lightning flashes in the atoauc oxygen spectral line at 777.4am or the atomic
nitrogen band at 868.3am. Becausc of multiple scaticring in douds, lightning flashes obscrved
from space are typically several hundred microscconds in duration, and cover the full spatial
exteot of a cloud. The LMS frame rate of 1000 Hertz and the LMS spatial resolution of 10 x
10km (at nadir) arc matched to these temporal and spatial characteristics of lightning,

The LMS is a staring seasor with a two—dimensional CCD focal plane array covering a 19.4
degree x 10.4 degree FOV. The castem satellite, at 75 degree W longitude, covers all of the
continental United States except Califomia. The westem satellite, at 135 degree W loagitude,
covers the western 2/3 of the continental United States and Hawaii. Each satellite has its LMS
boresignt angle tilted 2 degree northward from nadir, producing a boresight at 1134 degree N
latitude.

The LMS has a very high OCD readout rate of 10™ bits per scoond duc to the large number of
pixels in the OCD arrays and the 1000Hz frame ratc at which they are read out. On-—boara
processing is used to extract the relevant parameters while yielding a much lower data raic of
2x10°bps for the sensor. Sequentiai frame subtraction is used to subtract background from the
unages.

In addition to its normal mode of operation, ihe LMS has an imaging mode with a duration of
1.6sec which can be activated by command. Cloud-free arzas would be sclected for imaging.
During severe storm tracking, this mode may be activated as oftea as every 10 ounuics. Dunng
the imaging mode, data requirements are reduced by sectorizing and ncver exceed 64kbps.
(including lightning).

City lights are used for night lanamark identificatioa to determine the precise attitude of the LMS,
refining the registration of lightaing cbscrvations to tenestrial coordinates. The relevant
paramecters, lightning time, intensity, and location, arc cxtracted from the raw data tn real time,
permitting the LMS (o support many applications which require a real-tuime waming capability.

The LMS is a stai.~v sensor with no mechanical motion duning its normal modes of operation.
Al prescat, the preferred design uses two separate, co-boresighted apertures "o achieve the dual-
wavcelength capability. The preliminary astimates of size, weight, and pow er are prescated aloay
with a conceptual drawumy  Fuyrure 96 1-1
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9.6.2 Alicmative Use of Lightning Mapper Scasor (LMS) as a Nighttime Imager

The suggestion has been made that the LMS be used as a low-light—icvel imager to provide doud
images at aight wheaever the lunar illumination level is quartcr-mooa or greater.  This mode of
opcration could possibly be implemented in cither of two ways: cxicnsion of the intcgratioa lime
or cxpaasion of the spoctral passband. Extcasion of the integration time would require minos
clectronic modifications but should not impact the optical or mechanical aspects of the seasor.
The possibility of cloud imaging in such a narrow spectral band (possibly detuned into the
continscm outside the atomic resonance) has not been examined.  Expansion of the spectral
passband would require removal of tbe narrow-band optical filicr. This function could also be
straightforward to implement if it were practical to Jocaic this filter on 3 wheel in the aft optics.
However, we have understood from the development contractor that the impact to the design of
the GOES-L/M LMS, which has the filter on the object space side of the system, is excessive.
For that reason, it s our recommendation that a separate staring scasor be developed, as described
in Section 9.5.13, if mighttime visible data is 0 be provaded.

963 Status of Lighming Mapper Seasor (LMS)

An LMS development program to build a prototype instrument inteaded for flight on the

GOES I-M serics has beea under way for some time with NASA funding and management by
MSFC. A competiiive procurement led w the selection of TRW as the development contractor.
Phase-B has beea completed, but the Phase—C/D development has been oa hold peading
finalization of a NASA/NOAA agreement w fly the instrument late in the GOES I-M program.
A preliminary accommodation study for the LMS was completed by the spacecraft coatractor, but
a the time, very little bard instrument information was available. The curreat plan is to updite
the accommodation study using the Phase-B instrument information and, barring unforesecn
difficulties, 10 pruceed with implementation of the LMS.

It has been our understanding that the development of the LMS for GOES—-L/M has been severely
coastrained by the perceived power and weight limitatioas associated with the GOES 1-M bus and
launch vehicle. This situatioa should be reviewed in the process of detenmining detailed
requirements for the LMS for GOES-N. If substantial performance penalties have been taken,
significant non-recurring engineering cffort may be indicated for GOES-N, in which case it is
recommended that the instrument be developed under separate contract and provided as
Government Fumished Equipment (GFE) to the spacecraft coatractor.

9.7 Observations and Recommendations

(NOTE: unstrument scasor recommendations are also included in Section 8.4)

9.7.1 Obscrvations

The imager requirements (core, options, and cnhancements) tead to indicate a desire to evolve the
desien of the imager beng built for the GOES 1-M spacecraft. However, those requirements
which add spectral bands to the cold focal planc lead 0 major optical. mechamical. and clectronic

desien moditicatons that could warrant the development of a new imager. 1t is recegnized at thrs

218



timc that the GOES 1-M imager has major optical-mechanical design deficienaes that limit INR
porformance.  Any redesign W correct these deficiencies will result in significant noa-recurring
oosts. Carcful asscssment is roquired to determine tac direction for the development of the
GOES-N imager. Should it really cvolve from the curreat design, or should it be a new
approach? The cvolutionary approach;, which corrects curreat deficicacics and adds new spectral
bands, may incur as large a uon-recurring cxpeasc as going with a ncw approach. The advantage
of cvolution is the reduced risk of working with a contractor who by the year 2000 will have had
substantial experience in 3-axis GOES navigation technology and in manufactunng procedures for
the operational imager. If this contractor continucs to bave delivery problems, thea a new imager
is maudatod.

The sounder for the GOES-N time frame will be a acw development activity. The Michelsoa
design : pproach is the streagest candidate for the sounder. [f a reduced set of spectral bands s
respoasive to the NWS nceds, then a Fabry-Perot appevach is a compcetitor. There are ccrtain
aspects of the signal processing impacts of the Michelson approach that have not been
investigated The experience with the aiscraft instrument is inadequate 1o document the true
characteristics in an operational caviroament. Because of the substantial difference in extracting
radiance data from an interferogram and the concomitant increased f{ocal plane performance
requirements in the arcas of linearity and dynamic range for the Michelson, careful engincering
and management decisions are needed to fully understand the areas of risk associated with
sclecting this new technology for an operational system.

9.7.2 Reoommendatioas
9.7.2.1 Systera Configuration Recommendatioas

The benefits of flying spacecraft in a constellation that has 3 elements should be assessed (c.g.. an
imager bus, cast and west, and a single sounder bus). Navigation will improve for the imager
spacecaft. The sounder spacecraft can reduce the risks/impacts of bringing the new sounder on—
line. “‘he sounder spacecraft may even carry the Auxiliary Imager for full disk data support. In
this scenario, the spacecraft can now remain within the Delta envelope and yet carry instruments
that have grown physically to pre.ide enhanced capabilitics. This sysiem may cost more. but
there is 3 robustness that may warrant the expense.

9.7.22 High Spectral Resolution Sounder Recommendations

With regard to the new sounder, the most prudent path into the future is to immediately begin
design and breadboard of the critical components. In addition, a detailed assessment 6f data
processing requirements and impacts should be initiated. It is probably desirable to have an
independent entity take the proposed retrieval algorithm and verify the accuracy of the t:chnique.
If no algorithm cxists, devclopment should begin. Coatcmporancous visible data at 1km IGFOV
can be included in the soundes, but contemporancous IR is not recommended for an instrument
using a passive radiator.
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As discusscd in Section 9.3.3, further anzlysis is required before committing to the aft optics
design bascd oa the GOES L/M High-Rcsolution Sounder feasibility study. The performance of
an alicrnate design replacing the common ficld stop with individual ficld stops in cach focal planc,
but rctaining the in-flight adjust mechanisms and thermal coatrol of the aft optics, should be
cvaluated in light of the rcduced emphasis likely to be placed on band-to-band cu-registration.
This cvaluation should include an optical layout to demoastrate that the adjust mechanisms
recommended in any casc can be physically incorporated within a reasonable aft optics volume.

9.723 Advanced Imager Recommendations

The addition of IR bands to the imager will be a significant impact to cooler design. A detailed
study is needed 10 quantify the required changes to add the additional infrared bands. The study
probably should address the performance with the solar sail still in the FOV as well as the
performance with the Optioa III spacecraft attitude coatrol system. These studies-are also crucial
for improvement of the Optioa Il sounder, where much colder focal planes are required to
approach the desired overall performance.

Improving opesatioas around local midnight probably should be addressed by major changes in
the design and materials selection used in the imager and soundes, as has been recommended for
both advanced inssruments. There have been estimates that total thermal distortion within the
GOES-I imager could be reduced by an order of magnitude through this change, but they bave
not been verified by detailed analysis. To easurc wat RFP performance levels are realizable, an
analytical structural model of the Advanced Imager must be constructed and its thermal/structural
stability evaluated. Another improvement, extending the sunshade, does limit direct exposure to
the sun, but more work is requised to develop an engincering design that keeps the sunshade itself
from being a major he-a ivad into the aperture cavity.

As discussed in Section 9.1.3, implemeatation of the Advanced Imager depends on maintaining
low orbit inclination and/or ground resampling of the data for satisfactory gerfonmance. The
corresponding study tasks were not performed as part of the study. The study cannot be
considered complete in this respect until the system impacts of those requirements are evaluated.

9.7.2.4 Night Visible Recommendations

Night visible can be implemented in a low risk technology using solid-statc imaging arrays in a
separate sensor designed for this purpose.  Modification of the LMS is not reccommended due to
the impact fo its implementation.

9.7.2.5 Auxiliary Imager Recommendations

The Auxiliary Imager can be an upgrade of the GVHRR on the INSAT, but major design changes

are needed to incorporate the INR capabilitics that are now part of the GOES. These changes
would be low nisk but incur moderate non-recurring expense.
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100  TASK 3. CONTROL SYSTEM AND IMAGE NAVIGATION AND REGISTRATION
(INR) DESIGN CONSIDERATIONS

10.1  Introduction
10.1.1 Background
10.1.1.1 Objective, Scope, and Guiddines

The objective of the GOES-N controls study was to investigate and develop viable design
altermatives to meet NOAA INR performance requirements. In order for the resulting design to
approach the stringent INR requirements, it was nccessary that the scope of the effort treat the
spacecraft control subsystem and the instrument servo as an integrated design. This integration is
reflected in the proposed design for Options 1l and 111 and, to a lcsser extent, in Option 1. That is,
the resulting proposed designs use signals derived from the control subsystem to provide end-to—
end fine pointing control for the instrument mirrors; and for Options 11 and 11, the instrument
structures and materials were selected to provide improved servo response performance and
minimize thermal effects, respectively.

To minimize the design risk associated with achieving the INR requirements, the use of proven
technology for each element of the design was used as a guideline. As a result, even though the
proposed design has never beea implemented for a geosynchronous earth pointing spacecraft, the
recommended star trackers, reaction wheels, etc., and the design concepts all have been proven on
other spacecraft.

Since the Option | spacecraft was defined to be an evolution of the GOES I-M series (which falls
considerably short of achieving NOAA's Option and Enhanced INR requiremeants), it was decided
that the Option II and 11 control subsystem designs were not to be constrained (except for the usc
of flight proven elements). Also, in order to be able to complete the study within the allocated
resources, oaly a 2-axis gimbal system (as used on the current GOES-| instruments) was studied.
A dual mirror servo system will need to be investigated if selected based on instrument
considerations; however, this is not expected to change the overall pointing performance.

10.1.1.2 GOES-N Pointing

The NOAA INR requirements for the GOES system imposc very stringent spacecraft control and
instrument pointing requirements. One way to understand the requirements is to relate them to
other missions:

® For a geosynchronous spacccraft to achicve the same pointing stability consistent with the
instrument resolution of a low carth orbiting (LEO) spaccecraft, the accuracy and stability
must be about 40 times better.

] Fince pointing control systems on other spacecraft with the same accuracy/stabslity
requirements as GOES-N (c g . TUE, SMM and HST) all stare at their targets, and can
use the target iself or another reference that as fixed in locauon relative o the tireet as
means of deriving an crror signal to precisely control the pointing In contrast, the GOES

‘Yl
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spacecraft have scanning instruments, which do not readily allow for using a fixed
reference from which a precise error signal can be gencrated.

] The sounder requires a non-spinning platform to achicve the signal-to~noisc nceded; the
non-spinning spacccraft (i.c., onc with a specific side always carth pointing) will
cxpericace diumal thcrmal variations which significantly affcct the pointing coatrol.

10.1.1.3 NOAA Pcrformance Rcquirements

System performance requircments for the GOES program have been defined by NOAA in terms
of long term and short term deviations of pixels within images. These end-to-end image
performance specifications are the INR requirements; these INR requiremeats are defined as:

° Navigation: knowledge of the location of each pixel in earth coordinates

° Within—-frame registration: the variation in separation of any 2 pixels containing specific
scene information within the same image

° Frame—to-frame registraiion: the variation in separation of a givea pixel in two images of
the same earth scene

NOAA specified two sets of INR requirements for GOES-N: Core and Option. The 3o INR Core
2nd Option requirements are provided in Table 10.1.1-1, along with the GOES I-M requircments.
The Core requirements for pavigation and within-frame registration are the same as the
GOES I-M requirements. However, the frame-frame registration requirement is halved to 42ur.
It should be noted that the INR core requircment for navigation, unlike the other core
requirements, docs not reflect the NOAA 1983 stringent requirement for navigation of 56ur (2km)
at nadir.

TABLE 10.1.1-1

INR PERFORMANCE REQUIREMENTS

(All Requirements 30)

GOES I-M GOES-N
ur (ARCSEC) wr (ARCSEC)
CORE OPTION
NAVIGATION 112 (23) 112 (23) 33 (6.8)
WITHIN FRAME 42 8.7) 42 8.7) 14 (2.9)
REGISTRATION
FRAME-TO-FRAME 84 (17) 2 8.7 14 (2.9)
REGISTRATION

M
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The Option requiremeats, which reflect NOAA 1989 requircments, are a significant improvement
over the cxisting GOES I-M navigation and registration spccifications. Navigation performance

is rcquested to be 2km at 45 degree latitude, which cquates to 33ur at nadir.  Within-frame and

framc-framc registrations ase both reduced to 14pr.

10.1.1.4 Issucs/Concems

The major GOES~N study issue, which is considercd the significant study shortfall, is the lack of
GOES-I flight performance data to substantiate the INR performance concept. Without GOES-1
performance data to substantiate the LAS derived INR performance budgets, the GOES-N Option
I performance budgets are unproven. In contrast, the Options {I and III designs arc on somrwhat
firmer ground due to the experience gleaned from the [UE, SMM, and HST spacecraft and

UIT/Astro Observatory. Table 10.1.1-2 delineates the specific areas of concem discussed by uw.

TABLE 10.1.1-2 GOES-N STUDY SHORTFALL
LACK OF GOES-I FLIGHT PERFORMANCE DATA

° SERVO PERFORMANCE

° ORBIT/ATTITUDE DETERMINATION & CONTROL
° SYSTEMATIC ERRORS
] NOISE
[ MMC ESTIMATION

) THERMAL EFFECTS

INSTRUMENTS

SPACECRAFT

EARTH SENSOR (ES)
SNAPPING

) DYNAMIC INTERACTIONS

Achieving the stringent instrument servo performance in a zero gravity, thermal environment is a
major concern because of the control, thermal, and structural dynamics problems encountered in
the GOES-I instrument design and testing to date. Clearly, if the instrument servo design and
implementation do not perform to expectations, the INR concept cannot perform as expected,
since it requires repeatable and accurate instrument pointing.

Orbit/attitude determination and control concerns are in the threc areas of (1) systematic errors.
(2) noisc and (3) the estimation of the MMC required. Increased systematic crrors (c.g., solar
pressure) and increased ES noise will result in larger errors than predicted; however, the inability
to estimate MMC 1o the required tolerance or an crror in the computation of the spacecraft
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dynamics uscd for modeling the MMC will result in very degraded imagery. More importantly,
poor MMC cstimation will result in degraded star location performance, which directly affccts
orbivattitude detcrmination and the corresponding IMC performance.

With no GOES-I data to substantiatc the INR performance budget, the thermal performance of
the instruments, spacccraft, and carth scnsor also may result in larger crrors than budgceted. These
crrors, along with the systematic crrors associated with O/A determination, can be contained to
some extent with the use of Si.on Span Attitude Adjustment (SSAA), which is discussed in
Appendix C.2 and Scction 10.3.1.1. Thermal snapping, if present, will result in very degraded
performance during those time periods following a thermal snap.

Finally, dynamic interactions could cause modal frequencies to be excited (i.c., non rigid body
effects). The result could be an inability to accurately estimate the diumal variations in
instrument pointing that is central to the INR concept. This concern has been mitigated to some
extent by the dynamic interaction spacecraft testing performed by LAS.

10.1.2 Overview of Options I, 11, and Ill

The INR performance allocations of the GOES 1-M spacecraft series and the three options studied
are described in Appendix C. A brief overview of the performance of the three options is given
below. Detailed system descriptions are given in Subsections 10.3, 10.4 and 10.5, which address
the individual options.

The GOES-I and Option I systeir performances are nearly identical. As shown in Appeadix C,
the primary difference in performance between the two systems is due to the improved earth
sensor in the Option | systeri. Options II and III provide significant performance improvements
as a result of the design changes delineated in Table 10.1.1-3. Note that all of the design
changes for Option II are incorporated into Option III along with the noted additional instrument
redesign.

10.1.3 Organization of The Control System/Image Navigation and Registration (INR) Design
Section

The remainder of Section 10 contains a discussion of Task 2: GOES 1-M Improved
Efficiency/Cost Effectiveness in Scction 10.2 and descriptions and discussions of Options I, II,
and III in Sections 10.3, 10.4, and 105, respectively. Section 10.6 contains the Recommended
Additional Studies/Investigations to complcte the Phase-A INR study effort, and Section 10.7
discusses the iccommended rescarch to further improve the current navigation and registration
perforn ances predicted for Option 111.
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0.2 Task 2: GOLES I-M Improved Efficicncy/Cost Effcctivencss
10.2.1 Swudy Arcas

The two studics performed in support of Task 2 were the climination of north-south
stationkecping by modifying the spacecraft to operate at large inclination angles, and an
cxamination of the utility of providing an altcrnate back-up for the L-Modc wheel configuration
to maintain INR performance if onc of the V-Modc momentum wheels fails.

10.2.2 Study Results
10.2.2.1 Elimination of North-South Stationkecping

Operation of the spacecraft at inclinations up to 3.1 degrees as 2 means of eliminating the
requirement for north—south stationkeeping has the advaatages of:

° Extending mission life to 7 years
. Eliminating the periodic intenuptions associated with north-south stationkeeping
e Saving (about) 100kg of fucl which could be used as additional payload mass

Unfortunately, there are a number of disadvantages associated with operating the GOES I-M
spacecraft at large inclination angles. The study details are provided in Appeadix A.1 and the
results are summarized below.

° Ground antennas will require modification to provide continuous spacecraft tracking

. Continuous image and communications coverage to + 60 degree latitudes is not possible at
higher inclinations (i.c., each "~y latitudes above 60 degree are not visible for a period of
time and latitudes below -60 degree are not visible during a period of time that is 12
hours later)

® The present instrument servo is not capable of tracking the increased IMC
rates/accelerations required by the higher inclinations to maintain a fixed grid

° The only viable approach for providing a fixed grid may be re-sampling on the ground,
since a redesign of the servo may not achieve the rates/accelerations necessary to surport
IMC. Also, the increased mass associated with the redesign will offset some of the fuel

mass savings.
° All the sun pointing instrument FOVs are impacted and would require redesigns
. The coolers will need to be redesigned

In counsidering the above, the system impacts appear to far outweight any of the derived benefits.
As a result, the use of higher inclinations as a means of climinating north—south stationkceping is
not recommended.
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10.2.2.2 Elimination of Control Systcm Backup L-Mode Operation

This task was undcrtaken becausc the initial analysis presented at the INR CDR showed that the
backup L~Modc of operation did not meet the INR jitter requirements. By providing on altcrnate
back-up instcad of thc L-Mode whceel configuration, the spacecraft could still meet its INR
performance with onc wheel failed.

As a rcplacecment to the L-Mode, two altemate wheel configurations were investigated: (1) two
redundant momentum wheels (a 4 momentum whecl configuration) and (2) a tilt mechanism and
onc extra momentum wheel which would be positioned to seplace the failed wheel. Both of these
configurations werc found to require an incrcasc in mass of about 10kg over the L-Mode.

In mid February 1990, LAS prepared a memorandum showing that the INR CDR results were in
error and that the L-Mode control system did meet the INR budget allocations. Since the
alternate solutions being considered had a substantial mass impact, the study efforts were
discontinued.

103 Option I
10.3.1 Overview of GOES [-M and Option |
103.1.1 GOES I-M and Option I System Descriptions

The GOES I-M and Option I system are identical except for the performance of the earth - _nsors,
minor improvements to the imager servo, and a tightening of the momentum wheel tachozieter
noise specification. The system functional blyck diagram is given in Figure 10.3.1-1 aad shows
the command and data flow. Figure 10.3.1-2 is the spacecraft control system conceptual block
diagram, and Figure 10.3.1-3 illustrates the Option I spacecraft configuration.

In this system, an earth sensor maintains the spacecraft pointing towards the earth. Earth sensor
detected attitude errors in roll or pitch are sent to the momentum bias control system. The control
system then causes changes in the momentum wheel speed to compensate for the sensed change
in attitude.

The orbit and attitude are determined by a ground computer from (1) landmark and star
measurements made using the instrument and (2) single station ranging data. The measurcments
(observations) for a 24 hour period are compared against the predicted locations for the landmarks
and stars to determine the residual ewrors. These residual errors along with the ranging
information are then used to update orbit/attitude information for the next 24 hour period.

Based on the calculated orbit/attitude, a set of IMC coefficients are gencrated and uploaded to the
spacccraft AQCE computer. These IMC cocfficients are then used to repoint the mirrors in the
instruments to correct for diumal variations in the orbitvattitude duc to inclination and thermal
cffects. The IMC concept relics on diumal variations being essentially the same on successive



days. That is, the cxpected daily changes duc to the position of the sun, normal orbit
maintcnance, ctc. arc within limits that permit the specified INR requirements to be met based on
orbit/attitude predictions using he information from the previous 24 hours.

The dynamic interaction effect of instrumeni mirror motion producing a spacecraft nutation also is
accounted for by repointing the mirrors. This is rcferred to as MMC. The repointing to correct
for dynamic intcraction is bascd on a simulation modecl of the spacecraft dynamics and in-oubit
calibration of the model cocfficicnts. The actual repc nting determination is performed in real
time by the AOCE computer using uniform time samplcs of the mirror positions received from
both the imager and sounder.

In order to account for the effects of clouds and radiance gradients, and any other non-~repeatable
errois, SSAA will be used. SSAA (which impact the earth sensor) uscs the residual errors from
landmark and star measurements from a 2 or 3 hour period to determine if there is any trend in
the mispointing. If the average value (mean) of the trend exceeds a preset threshold (e.g., 10ur),
the zero order IMC coefficients for roll, pitch and/or yaw are corrected. The result is to maintain
the non~repeatable error within acceptable limits.

10.3.1.2 Controller Hardware Description

As described previously, the Option [ spacecraft control system hardware is uearly identicai to the
GOES [-M spacecraft control system. Figure 10.3.1-1 depicts a block diagram lavout of the
Option I control system hardware. In the on-orbit mode, a redundant set of horizon scanning
earth sepsors are used to provide pitch and roll attitude information to the AOCE. The carth
sensors, developed by Lockheed in Sunnyvale, California, sense the earth limb through a pair of
bolometers. The bolometer sky-earth transition data is fed into analog electronics circuitry and
then through some complex adaptive threshold logic circuitry, which minimizes cold ¢l 1d and
radiance gradient effects, to generate the roll and pitch data. The sensor is expected to operate to
relative earth diameters of up to 40 degrees. it provides data at 4Hz with a bit quantization of
0.00125 degree (22urad). The noise of the sensor is quitc high as compared to the expected
spacecralt end-io-end performance. The 3-sigma no.se is 0.025 degree (436urad) for pitch
signal and 0.017 degree (296urad) for roll. The primary modification to the earth sensor for
Option 1 is to improve sensor noisc. These modifications arc expected to improve the noisc
characteristics by a factor of 1.4.

The Oui.. 1 I spacec:aft will retain the basic three-axis, momentum bias configuration of

GOES [-M. Two large momentum capacity wheels arranged in a V-shoped configuration
provide gyroscopic stiffness and primary control 1crque capability along the spacecraft pitch and
yaw axes. The momentum wheels cach can store up to 50ft-lb~scc of momentum and provide
12in-o0z of control torque. For redundancy, a smaller, 2ft-lb-scc reaction wheel is mounted along
the spacecraft yaw axis to replace the yaw component of cither of the momentum wheels. The
ZOES §1-M wheels arc provided by Teldix of Heidelberg, West Germany.  The wheel system
weights approximatcly 60lb.



The Opuion | AOCE is based on four 2901 bit slice microprocessor clements. The AOCE
opcrates at a clock speed of IMHz and sends out torque commands at a ratc of 4Hz. Other
control hardwarce included on the Option | spacccraft include Slb thrusters for stationkeeping and a
solar sail, trim tab and 100amp-turn-m’® torquer bars for momentum management. In addition,
roarse and fine sun scosors as well as rate integrating gyros arc used to provide attitude
information during acquisition and stationkecping. For morc detailed information of the Option 1
attitude control systcm, see the GOES 1-M satellite operations handbook.
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103.2 Summary of Predicted Performance
103.2.1 Budgct Allocation Description

A full description of the allocation budget catrics is provided in Appendix C. Tables 10.3.2-1
and 103.2-5 summarize the predicted INR performance of the GOES I-M and Optioa [ systems.
In Tables 10.3.2-2 through 103.2-8, the error is grouped into scven majos categorics which
combine to form the total crror:

1. Attitude stability (linc 9),

2 Mimor motion compensation (MMC, line 19),

3. Short term image motion compensation (IMC, line 20),

4. Imager pointing (line 22),

s. AOCE interface (linc 34),

6. Lung term IMC errors with a perfect attitude model (line 41),

71 Loug tern IMC error from imperfections in the attitude model and error non-repeatability

(linc 44).
TABLE 103.2-1
COMPARISON AND SUMMARY GOES I-M
NAVIGATION -RE_G[SI'RATION FRAME-FRAME

ATTITUDE STABILITY 220 310 310
MCC COMPUTATION 70 99 99
ERROR
IMC COMPUTATION 5.0 7.0 70
ERROR
IMAGER POINTING 159 25 105
AOCE INTERFACE 49 69 6.9
PERFECT O/A 260 260 26.0
DETERMINATION
NONRPTL. ERROR W/SSAA 18.7 116 126
COMBINED ERROR 43.1 49.7 459
COMBINED ERROR WITH 7 74.6 68.8
50% MARGIN
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TABLE 1032-2

ALLOCATION NAVIGATION, 25-0ct-90
1 Spec - GOES-N Req‘t 112 uR
2 File Name NAV-REV '! GOES I-M
3 Imager Navigation

4

S COMBINED SHORT&LONG TERM 43.1
6

7 SHORT TERM 28.9
8

9 ATT. STAB. 22.0
10 ES/IRU NOISE 20.0
11 DYN. INTER. 9.1
12 RIGID BODY 6.4

13 SA STEPPING 4.0

14 MIRR.MOTION 5.0

15 OTHER 0.0
16 MW IMBALANCE 5.0
a7 NONRIGD.BODY 4.0
13
19 MMC COMP.ERR 7.0
20 IMC COMP.ERR 5.0
21
22 IMGR.POINT 15.9
23 IMC SERVO ERROR 4.0
24 IMC PROC.ERR 7.0
25 INTER.TORQ 2.1
26 CKT.DRIFT 0.4
27 QUAD . ERRORS 0.0
28 LINEARITY 3.5
29 LINEARITY BIAS 12.0
30 NOISE/JITTER 2.0
31 STEP/SETTLE 1.0
32 DET.ROTATION 4.2

33 VIDEO DELAY 2.0

34 AOCE INTERFC 4.9
35 LINE NOISE 4.0
36 LPFILTER LAG 2.0

37 DAC ERROR 2.0

38
39 LONG TERM ORBIT/ATTITUDE 32.0
40
41 PERFECT O/A DETFRMIN 26.0
42 (From INR Sir-lator)
43

44 JONRPTL.& O/A MOD. W/ 18.7
45 ORBIT/ATTITUDE MODEL 30.0
46 THERM(1M&SC) |30.0

47 MODEL PARMTR| 0.0

43 NONRPTEL. ERR 81.9
49 CLOUD/RADGRD|70.0

50 HEATER OPS. [30.0

S1 S/C YAW 30.0
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TABLE «03.2-3

ALLOCATION IN-FRAME REG., 25-0ct-90
1 Spec - GOES-N Req‘t +2 uR
2 File Name INFR-REV GOES I-M
3 Imager Navigation

4

S COMBINED SHORT&LONG TERM 49.7
6

7 SHORT TERM 40.8
8

9 ATT. STAB.*1.41 31.0
10 ES/IRU NOISE 20.0

11 DYN. INTER. 9.1

12 RIGID BODY 6.4

13 SA STEFPING 4.0

i4 MIRR.MOTION 5.0

15 OTHER 0.0

16 MW IMBALANCE 5.0

17 NONRIGD.BODY 4.0

18

19 MMC COMP.ERR*1.41 9.3
20 IMC COMP.ERR*1.41 7.0
21

22 IMGR.POINT * 1.41 22.5
23 IMC SERVO ERROR 4.0

24 IMC PROC.ERR 7.0

25 INTER.TORQ 2.1

26 CKT.DRIFT 0.4

27 QUAD.ERRORS 0.0

28 LINEARITY 3.5

29 LINEARITY BIAS 12.0

30 NOISE/JITTER 2.0

3z STEZ?SETTLE 1.0
32 DET . ROTATION 4.2

33 VIDEO DELAY 2.0

34 AOCE INTERFC*1.41 6.9
35 LINE NOISE 4.0

e LPFILTER LAG 2.0

37 DAC ERROR 2.0

38

39 LONG TERM ORBIT/ATTITUDE 28.5
49

41 PERFECT O/A DETERMIN 25.0
42 (From INR Sinulator)

43

44  NONRPTL.& O/A MOD. W/ 11.6
45 ORBIT/ATTITUDE MODEL 8.0
46 THERM(IM&SC)| 8.0

47 MODEL PARMTR| 0.0

48 NONRPTBL. ERR 14.1
49 CLOUD/RADGRD| 6.0

S0 HEATER OPS. 8.0

S1 S/C YAW 10.0
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TABLE 10.3.2-4

ALLOCATION

1 Spec - GOES-N Reqg’t 84/105 uR
2 File Name REG-REV GOES I-M
3 Imager Navigation

4

S COMBINED SHORT&LONG TERM 45.9
6

7 SHORT TERM 35.6
8

9 ATT. STAB.*1.41 31.0
10 ES/IRU NNISE 20.0

11 DYN. INTER. 9.1

12 RIGID BODY 6.4

13 SA STEPPING 4.0

14 MIRR.MOTION 5.0

15 OTHER 0.0

lé MW IMBALANCE 5.0

17 NONRIGD.BODY 4.0

18

19 MMC COMP.ERR*1.41 9.9
20 IMC COMP.ERR*1.41 7.0
21

22 IMGR.POINT 10.5
23 IMC SERVO ERROR 4.0

24 IMC PROC.ERR 7.0

25 INTER.TORQ 2.1

26 CKT.DRIFT 0.6

27 QUAD . ERRORS 0.0

28 LISEARITY 4.9

29 LINEARITY BIAS 0.0

30 NOISE/JITTER 2.8

31 STEP/SETTLE 0.0

32 DET.ROTATION 0.0

33 VIDEO DELAY 2.8

34 AOCE INTERFC*1.41 6.9
35 LINE NOISE 4.0

36 LPFILTER LAG 2.0

37 DAC ERROR 2.0

38

39 :,ONG TERM ORBIT/ATTITUDE 28.9
40

41 PERFECT O/A DETERMIN 26.6
42 (From INR Simulator) .

43

44 NONRPTL.& O/A MOD. W/ 12.6
45 ORBIT/ATTITUDE MODEL 12.0
46 THERM(IM&SC) |12.0

47 MODEL PARMTR| 0.0

48 NONRPTBL. ERR 22.8
49 CLOUD/RADGRD|14.0

50 HEATER OPS. {10.0

51 S/C YAW 15.0
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TABLE 10.3.2-5

COMPARJISON AND SUMMARY GOES-N

e OPTIONAY 7> - s
" | WITHIN_FRAME | 90 MINUT® .
NAVIGATION - REGIS“SA']?ON - { FRAME-FRAM
L S R : 7y M

ATT. STAB. 175 248 248
MMC COMP. ERR 70 99 9.9
IMC COMP. ERR 50 70 7.0
IMGR. POINT 159 25 105
AOCE INTERFC 49 6.9 6.9
PERFECT O/A 26.0 260 260
DETERMINATION
NONRPLT. ERR 18.7 11.6 126
W/SSAA
COMBINED ERROR 410 46.1 419
COMBINED ERROR 61.6 69.1 628
W/50% MARGIN

Items (1) through (5) are considered short term sources of error, because they vary more rapidly
than the nutation period of the spacecraft (approximately 3 minutes).

Iter:c (6) (line 41) and (7) (line 44) characterize long term errors in the IMC signal. [n both the
GOES I-M and GOES-N systems, star and landmark measurements are used to make
observations of pointing error throughout each o:bit. The observed error is then used to generate
an IMC correction to be applied the following day. This scheme is designed to remove slowly
varving errors from the system. Item (6) refers to the residual orbit/attitude error from one day to
the next. Even if the IMC could repeat exactly the next orbi., and even if the spacecraft could
follow the correction perfectly, there will still be pointing error due to instrument noise.

Item (7) includes the errors which occur because the system may only be capable of following an
approximation of the calculated correction, and because the correction applied today based on
yesterday's error will not be entircly correct due to non-repeatability of the error sources (c.g.,

change in the sun angle).

The INR performance budget allocation crrors were important to understand duning the initial
study cfforts, because they provided insight into how to provide significant improvements in
Options 1I/1il and some level of improvements in Option 1. Table 10.3.2-9 lists the errors by
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ALLOCATION
1 Spec - GCES-N Req’t 112 uR
2 File Name NAV-REV1l QPTION 1
3 Imager Navigation
4
S COMBINED SHORT&LONG TERM 41.0
6
7 SHORT TERM 25.6
8
9 ATT. STAB. 17.5
10 ES/TACH 15.0
11 DYN. INTER. 9.1
12 RIGID BODY 6.4
13 SA STEPPING 4.0
14 MIRR.MOTION 5.0
15 OTHER 0.0
16 MW IMBALANCE 5.0
17 NONRIGD.BODY 4.0
18
19 MMC COMP.ERR 7.0
20 IMC COMP.ERR 5.0
21
22 IMGR.POINT 15.9
23 IMC SERVO ERROR 4.0
24 IMC PROC.ERR 7.0
25 INTER.TORQ 2.1
26 CKT.DRIFT 0.4
27 QUAD.ERRORS 0.0
28 LINEARITY 3.5
29 LINEARITY BIAS 12.0
20 NOISE/JITTER 2.0
21 STEP/SETTLE 1.0
32 DET.ROTATION 4.2
33 VIDEO DELAY 2.0
34 AOCE INTERFC 4.9
35 LINE NOISE 4.0
36 LPFILTER LAG 2.0
37 DAC ERROR 2.0
38
39 LCYNG TERM ORBIT/ATTITUDE 32.0
40
41 PERFECT O/A DETERMIN 26.0
< (From INR Simulator)
43
44 NONRPTL.& O/A MOD. W/ 18.7
45 ORBIT/ATTITUDE MODEL 30.0
46 THERM (IM&SC) {30.0
47 MODEL PARMTR{ 0.0
48 NONRPTBL. ERR 81.9
49 CLOUD/RADGRD|70.0
S0 HEATER OPS. |30.0
S1 S/C YAW 30.0

TABLE 10.3.2-4
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TABLE 1032-7 ;

ALLOCATION IN-FRAME REG., 25-0ct~-90
1 Spec - GOES-N Req’t 42 uR
2 File Name INFR~RE1l OPTION 1
3 Imager Navigation
4
5 COMBINED SHORT&LONG TERM 46.1
6
7 SHORT TERM 36.2
8
9 ATT. STAB.*1.41 24.8
10 ES/TACH 15.0
11 DYN. INTER. 9.1
12 RIGID BODY 6.4
i3 SA STEPPING | 4.0
14 MIRR.MOTION | 5.0
15 OTHER 0.0
16 MW IMBALANCE 5.0
17 NONRIGD.BODY 4.0
18
19 MMC COMP.ERR*1.41 9.9
20 IMC COMP.ERR*1.41 7.0
21 :
22 IMGR.POINT * 1.41 22.5
23 IMC SERVO ERROR 4.0
24 IMC PROC.ERR 7.0
25 INTER.TORQ 2.1
26 CKT.DRIFT 0.4
27 QUAD . ERRORS 0.0
28 LINEARITY 3.5
29 LINEARITY BIAS 12.0
30 NOISE/JITTER 2.0
31 STEP/SETTLE 1.0
32 DET.ROTATION 4.2
33 VIDEO DELAY 2.0
34 AOCE INTERFC*1.41 6.9
35 LINE NOISE 4.0
36 LPFILTER LAG 2.0
37 DAC ERROR 2.0
38
39 LONG TERM ORBIT/ATTITUDE 28.5
40
41 PERFECT O/A DETERMIN 26.0
2 (From INR Simulator)
43
44 NONRPTL.& O/A MOD. W/ 11.6
45 ORBIT/ATTITUNE MODEL 8.0
46 THERM(IM&SC)| 8.0
47 MGDEL PARMTR, 0.0
48 NONRPTBL.ERR 14.1
49 CLOUD/RADGRD| 6.0
S0 HEATER OPS. 8.0
51 S/C YAW 10.0
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TABLE 103.2-8

ALLOCATION REGISTRATION, 14-Nov-90
1l Spec - GOES~N Req‘t 42 uR
2 File Name REG-REV1 OPTION 1
3 Imager Navigation
4
S COMBINED SHORT&LONG TERM 41.9
6
7 SHORT TERM 30.3
8
9 ATT. STAB.*1.41 24.83
10 ES/TACH 15.0
11 DYN. INTER. 9.1
12 RIGID BODY 6.4
13 SA STEPPING 4.0
14 MIRR.MOTION 5.0
15 OTHER . 0.0
16 MW IMBALANCE 5.0
17 NONRIGD.BODY 4.0
18
19 MMC COMP.ERR*1.41 9.9
20 IMC COMP.ERR*1.41 7.0
21
22 TMGR.POINT 10.5
23 *C SERVO ERROR 4.0
24 1. PROC.ERR 7.0
25 IN. "R.TCRQ 2.1
26 CKT.DRIFT 0.6
27 QUAD. ERRORS 0.0
28 LINEARITY 4.9
29 LINEARITY BIAS 0.0
30 NOISE/JITTER 2.8
31 STEP/SETTLE 0.0
32 DET .ROTATIGN 0.0
33 VIDEO DELAY 2.8
34 AOCE INTERFC#1.41 6.9
35 LINE NOISE 4.0
36 LPFILTER LAG 2.0
37 DAC ERROR 2.0
38
39 LONG TERM ORBIT/ATTITUDE 28.9
40
41 PERFECT O/A DETERMIN 26.0
42 (From INR Simulator)
43
44 NONRPTL. & O/A MOD. W/ 12.6
45 ORBIT/ATTITUDE MODEL 12.0
46 THERM(IM&SC) |12.0
47 MODEL PARMTR| 0.0
48 NONRPTBL. ERR 22.8
49 CLOUD/RADGRD|14.0
S0 HEATER OPS. |10.0
51 S/C YAW 15.0
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TABLE 103.2-9

GOES 1-M/OPTION 1 MAJOR PERFORMANCE DRIVERS

3

oy
N
A

I . KAVIGATION - ;

LONG TERM ORBIT/ATTITUDE

o THERMAL DEFORMATION
o SPACECRAFT YAW

(IN ORDER OF IMPACT)

- IN-FRAME .
+¢+ - REGISTRATION

I
¥

FRAME-FRAME ||
- . REGISTRATION

ATTITUDE STABILITY/ES NOISE

ATTITUDE STABILITY/ES NOISE

INDUCTOSYN LINEARITY

INDUCTOSYN LINEARITY

NON-REPEATABLE ERRORS

¢ CLOUDS/RADIANCE
GRADIENTS
e HEATER OPERATIONS

I ATTITUDE STABILITY/ES NOISE

IMAGER POINTING

LONG TERM ORBIT/ATTITUDE

e THERMAL DEFORMATION
e SPACECRAFT YAW

NON-REPEATABLE ERRORS

o CLOUDS/RADIANTCE
GRADIENTS
o HEA™ER OPERATIONS

LONG TERM ORBIT/ATTITUDE

o THERMAL DEFORMATION
® SPACECRAFT YAW

o

NON-REPEATABLE ERRORS

e CLOUDS/RADIANCE
GRADIENTS

o HEATER OPERATIONS

their relative importance for navigation and in~frame and frame—{rame registrations. The attitude
stability error is primarily due to earth sensor noisefjitter. The orbitattitude determination error is
due to large thermal deformations and spacecraft yaw which is not controlled, except through
quarter orbit roll/lyaw coupling. Inductosyn linearity, which is included in the servo pointing, is
separated from the other servo errors because it is a major error in the GOES-I design. The
major non-repeatable errors are expected to be due to the effects of clouds and radiance gradients.
All of these error sources are reduced or eliminated by the control system, servo design, and
material/structural changes proposed for Options II/TIL.

The error totals given in the tables for items (1) through (6) result Zom a Root Sum Square (RSS)
combination of the errors which comprise each category. The total for item (7), however, is
calculated differently because of the use of SSAA. SSAA is a process by which pointing crror is
monitored for 2-3 hours, and, if a bias error greater than some threshola (10ur, for example) is
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detected, a correction is introduced inio the IMC signal to compensate for the crror. The crsor for
item (7) was thercfore cstimated as 10ur plus 10% of the RSS total of its two components
(orbit/attiiude model and non-repeatable error). The 10% of the RSS total is included 1o account
for the crror which SSAA does not remove successfully.

Figures 10.3.2~1 and 10.3.2-2 summarizc the INR performance assessments for GOES 1-M and
Option I, using bar charts which show the six largest error sources (all except item (5)).
Hcwever, item 5, AOCE interface error, is included in the total. The only diffc ence between
GOES I-M and Option I which affects INR performance is the earth sensor configuration, so the
tables and figures for the two systems arc nearly identical.

10.3.2.2 GOES I-M Performance Results
10.3.2.2.1 Navigation

Figure 103.2-2 illustrates that the predicted navigation performance of the GOES I-M system is
64.7ur (inc.uding a 50% margin); thus the system is expected to meet the 112ur requirement.
Long term error from calculating the IMC correction signal is the largest source of navigation
error (26.0ur), followed by attitude stability (22.0ur).

10.3.2.2.2 Within-frame reg. “‘ration

Figure 103.2-2 indicates that the predicted within—frame registration performance of the
GOES I-M system is 74.6pur (including a 50% margin), which exceeds the 42ur requiement.

Although the long term error from non-repeatability decreased from navige‘ion levels, many of
the short term errors incieased by the square root of two because of their randomn nature. The net
effect is a moderate increase in overall error. As in navigation, attitude stability and long term
error are the top two sources, but imager pointing also shows a significant contribution. Because
there are several sources showing strong contributions to the total error, reduction of the total tv
meet the specification would require several Jifferent improvements to the system.

10.3.2.23 Frame-to-frame registration

Figure 10.3.2-2 indicates that the predicted frame-to-frame registration performance of the
GOES I-M system is 68.8ur (including 2 50% margin), and the system is, therefore, expected to
meet the 84ur requirement. The overall error is slightly less than in the within-frame case,
largely because of a significant reduction in imager pointiag crror. This reduction occurs becausc
servo bias errors are essentially the same for ti.c same pixel in two images of the same arca of
the earth and do not contribute to this error source. The distribution of error is otherwise similar
to the within—frame case, with attitude stability becing the largest contributor.
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10.3.2.3 Option | (Improved GOES-1) Performance Results
10.3.2.3.1 Navigation

Figurc 10.3.2-1 shows that the predicted navigation crror performance of the Option | system is
61.6ur (including a 50% margin), which rcpreseats a slight improvement over the GOES I-M
system. Al! of the improvement is duc to the inclusion of an improved carth scasing system in
the Option I design, which leads to a reduction 1n attitude stability error. As in the GOES I-M
budget, long term crror in the IMC signal shows the greatest coatribution to the total error. The
Option I system is expected to mect the 112ur navigation error requisrcment.

10.3.23.2 Within-frame registration

Figure 10.3.2-1 shows that the predicted within-frame registration error performance of the
Option I system is 69.1pr (including a 50% margin) which cxceeds the 42ur requiremeant. The
1eduction in attitude stability error from GOES I-M levels brings the total error without margin to
46.1ur, which approaches the required value. However, several sources still show large
contributions to the total error which indicates that achieving the performance goal will be
difficult with the Option 1 design.

103.23.3 Frame—-frame registration

Figure 103.2-1 shows that the predicted frame-to-frame registration performance of the Option [
system is 62.8ur (including a 50% margin), which exceeds the 42ur requirement.

Excluding the margin, the error is 41.9pr and just mecets the requirement. Imager pointing error is
reduced from within frame levels, due to the absence of servo bias error. With this reduction, the
total error is primarily a function of oaly two sources: attitude stability c_.d loag term IMC error.
Furiher improvement in either of thess two areas would provid. some margin for meeting the
requircment.

10.4 Option Il Control and Pointing Subsystems
1C.1.1 Option I Overview
10.4.1.1 Option I Dcscription

The Option Il control system functional block diagram is given in Figure 10.4.1-1; it shows the
major system clements and the command and data flow between these clements. Figure 10.4.1-2
contains the spacecraft control and pointiag system conceptual block diagram. Both figures wre
referred to in the following paragraphs. Figure 10.4.1-3 shows the configuration of the Cption 11
and Il spacecraft and some cf the key features, including the orientation of the star trackers and
the redesigned solar arrays to minimize solar torque cffects. Table 10.4.1-1 summarizes the
Option 1I/1I1 improvements with respect to the Option FGOES-1 systems.
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FIGURE 10.4.1-3
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TABLE 10.4.1-1
Optioa 1Vl improvements with respect to Optioa VYGOES-1

_

AREA OF CHANGE

IMPROVEMENTS
OPTION 11
STAR TRACKER/GYRO SPACECRAFT HTTER
YAW CONTROL

ZERO MOMENTUM BIAS/REACTION
WHEELS

DYNAMIC INTERACTION
STATIONKEEPING RECOVERY TIME

OPTICAL BENCH

THERMAL DEFORMATIONS, STRUCTURE/
MODAL FREQUENCY PERFORMANCE

SPACECRAFT MOTION
COMPENSATION REPOINTING

REALTIME MIRROR COMPENSATION (FOR ALL
DYNAMIC INTERACTION)

INSTRUMENT SERVO - 3° OPTICAL
ENCODER

IMPROVED INSTRUMENT POINTING

SOUNDER REDESIGN

THERMAL DEFORMATIONS, STRUCTURAL/
MODAL FREQUENCY PERFORMANCE

BIANNUAL YAW FLIP

IMPROVED OOOLER PERFORMANCE*®

RECONFIGURED SOLAR ARRAY

MINIMIZE SOLAR TORQUE EFFECTS

OPTION 11

ALL OF THE ABOVE

INSTRUMENT REDESIGN -
IMPROVED INSTRUMENT POINTING
5" OPTICAL ENCODER

THERMAL DEFORMATIONS, STRUCTURAL/
MODAL FREQUENCY PERFORMANCE

* BIANNUAL SPACECRAFT YAW FLIP WILL NOT BE REQUIRED FOR OPTION I
[F A MECHANICAL KEFRIGERATOR AND REDESIGNED IMAGER ARE USED

The Option [I system is an inertially referenced system, using star trackers and very stablc
gyroscopes 1o maintain the spacecraft atutude in roll, piich and yaw. The advantage of this
implemeatation over the GOES 1-M carth referenced, carth sensor system is a significant
reduction in jitter. Also, the pitch axis is maintained parallel with the carth’s north—south axis
ihroughout the orbit. However, since this implementation is not an cart referenced system, it is
more scnsitive to orbit errors, requiring better orbit determination.  As 3 result, two remole sites to
receive ranging data contained in the processed data stream (i.c., analogous to the retransmitted
CVAR data strcam in GOES (-M) will be required.  These sites could be unmanned or be located

at sites that already receive processed data.



Referring to Figure 10.4.1-2, the INR opcration on the spacecraft relics on the pointing direction
dctermination of the star tracker/gyro system to geacrate crror signals in roll, pitch and yaw. Th:
crror signals arc processed in the ACE to produce two scts of control signals:

° Low frequency torque signals to continuously maintain the spacecraft pointing by
coatrolling the speed and direction of the reaction wheels at a 0.1Hz controller bandwidth

° High frequency attitude crror signals for repointing the instrument mirrors to compensate
for the attitude errors that cannot be followed by the above "closed loop” star tracker/gyro,
ACE, and reaction wheels control subsystem; this mirror compensation is termed SMC

The new feature of this control system is SMC, which replaces the opea loop MMC on

GOES I-M. SMC uses the realtime error signal scased by the star tracker/gyro to correct for
any higher frequency pointing errors that cannot be compensated by the coatrol system. The
SMC signal is added to the IMC signal, in the same manner that MMC is added to IMC on the
GOES-I spacecraft. {(Appendix A provides additional details of the SMC system.)

The coatrol system ground processing will be similar to GOES I-M for IMC attitude
detcrmination based on landmark and star data obtained through the ‘astrument. The IMC is
determined by ground processing of 24 hours of data, with the instantaneous mirror pointing
correction computed on the spacecraft (like GOES I-M). However, the IMC in the GOES-N
system is used to compensate only for inclination and thermal variations between the instrument
focal plane and star tracker/gyro system. In addition, the resulting error due to imperfect IMC
corrections will be less than in GOES-I, because the use of an optical bench and the redesigned
sounder (the redesign of the imager is part of Option III) will result in significantly smaller
overall thermal deformations to be corrected.

In comparison with the GOES [I-M contsol system, the GOES-N control system provides:

Control for roll, pitch, and yaw axes

Wider bandwidth control loops to better track perturbations

Rapid recovery within minutes following a Station Keeping (SK) maneuver

Lower jitter

Immunity to clouds or radiance gradients

Realtime repointing of the mirrors based on error signals from the control system (i.c., not

models), which permits sensing of dynamic interactions due to any causc including mirror

motion and low frequency flexible body effects

o Smaller IMC corrections that will only need to correct for inclination and thermal
distortions

° An SSAA capability as a backup, if required, to compensate for slowly varying pointing

errors

In addition, the Option Il and I spacecraft will not have a solar sail and trim tab, which resuits
in an improvement in the passive cooler performance.  Thruster firings will be used about once
per day to unload the wheel momentum (Appendix A.3) resalting from the absence of the solar
sail and tnm tab. These thruster firings will be = (1.5see in duration from two Slb thrusters; and
the improved control system will accommodate these firings without an interruption in service.
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An initia} assessmeat indicated that continuous stationkeeping could be achieved by increasing the
thruster firing to ~ S5scc duration. However, additional cffort is required to validate this concept,
and develop the design and operational philosophy as well as detcrmine any constraints. The
primary purposc of continuous stationkceping 1» to maintain i+ spacecraft inclination within tight
limits, thercby minimizing the magnitude and ratc of change of Yac required IMC correction. As a
result, larger instrument focal planc arrays can be used as a meins of minimizing the time
required for fabrication and alignmeat.

As a means of further lowering the passive cooler operational teniperatures by reducing the
amount of reflected heat from the sun, the spacecraft will be "flipped” about the yaw axis
biarnually. Large angle slew mancuvers have been performed on all inestial pointed spacecraft
and is considered a safe procedure. '

Finally, as shown in Figure 10.4.1-3, the solar amray is redesigned to move the ceater of pressure
closer to the spacecraft body to reduce the solar torque effect.

The net cffect of the above is a significant improvement in navigation, within frame and frame-
frame registration as well as lowering the passive cooler temperature 10 - 20 degrees C below
GOES-I and mitigating instrument implementation and alignment. More importantly, the Option
I1 (and Option M) INR control system has less risk than the unflown GOES-I INR system,
because the hardware and concepts all have flight heritage, and the design is ioherently more
robust and able to compensate larger and/or unexpected erros sources.

10.4.1.2 Controller Hardware Description

Figure 10.4.1-1 depicts a hardware functional block diagram of the Option I/III atticude coatrol
system. The major elements of the control system are star trackers and inertial refcrence senson
for attitude determiration, attitude control electronics for computation, and a sex of four reaction
wheels for control actuation. The DRIRU 1l inertia! reference unit, developed by Teledyne is
baselined as the primary attitude sensos. The 35lb DRIRU Il uses dually redundant dry-iuned
gyros to sense incremental changes in spacecraft inertial attitude. A 15Hz or higher DRIRU
bandwidth with an output quantization of 0.0125arcsec/pulse is requived to provide high quality
SMC data. In addition, the DRIRU II sampie frequenc, should be 50Hz or higher. The DRIRU
Il v.as selected for its excellent mechanical drift properties ~nd extensive flight experience.

An array of three CCD star trackers succeed in (by viewing inertially fixed targets) removing the
drift inherent in a gyro-based attitude sensing system. The star tracker characteristics chosen
include a 4 degree by 4 degree FOV with sensitivity down to 6th magnitude stars. The trackers
arc pointed 120 degree apart about a 35 degree half angle cone pointed due north in the celestial
field. Candidate trackers include the Ball Acrospace CT-601, the Hughes Danbury ASTRA-II,
aad the JPL ASTROS tracker.

The ACE proposed for GOES-N is based on the SEDS computer developed at GSFC for the
small explorer program. 1hc SEDS uses an 80386-bascd processor with an 80387 co-processor
operating at a clock speed of 16MHz. Data VO functions betwe en the processor and the sensors
and actuators are performed using MIL STD 1775 diaa bus architecture.
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A sct of four reaction wheels is the torque actuation system for the on-orbit mode. In contrast to
the Option | system, the wheels do not provide a momentum bias to the spacecraft but operate
ncar the zcro momentum condition. The wheels are set in a pyramidal arrangement to provide
redundancy. The four wheel system is estimated to weight 100lbs. Each reaction whecel provides
13in—oz of control torquc and can absorb SOft-Ib-sec of stored spacccraft momentum.

Sccular momeatum buildup is managed on a daily basis by coupled thruster firings. Similar to
the Option | spacecraft, the Option I/III controller design incorporates 5Ib thrusters. Magnetic
wheel unloading for this configuration was not baselined.

Acquisitior and stationkeeping maneuvers are performed using the coarse and fine sun sensors, a
low cost earth seasor and the DRIRU 11 gyro.

10.4.1.3 Instrument Pointing and Contro! Elements

The Option I instrumeat concepts incorporate several changes to the GOES-I designs to achieve
better pointing performance. The changes are intended to address the areas of the GOES-I design
which impose the greatest limitations on pointing performance.

First, the Option II sounder will be redesigned using GFRP material in an attempt to reduce the
structural control interaction difficulties found in the GOES~I design. This new sounder design
will produce a stiffe. instrument that is also much less susceptible to thermal distortion. The
mechanical configuration of the new design may employ either a two mirror system or a single
mirror two axis scan assembly, depenaing on the results of future study of these concepts. The
new configuration will still have wrotors and shaft angle sensors on opposing sides of shafts,
becaus: it was found that locating them on the same side aggravates stability probleias =f the
servo.

The Option II imager, which has a less demanding scan profile than the sounder, will employ the
same structure as used in GOES-1. In Option !, the imager structure will also be redesigned.

A second design improvement is the use of 3inch disk optical encoders instead of inductosyns as
shaft angle sensors in the servos. A comparison of the optical encoders with the inductosyns has
shown that the optical encoders offer superior performance.

The third change to the GOES~I design addresses the servo controller for both the imager and the
sounder. A new controller will be implemented using a more effective control strategy. Several
viable alternatives for a new control strategy have been identified in this study (Section 10.4.2.2).
Most promising among these is the use of a pre-filtering/feed-forward design concept to improve
the sounder step and settle performance.

Another controller modification is the adoption of a digital implementation. The major benefit of
a digital implcmentation is its ability to be tuned on-orbit.  This reduces the risk of degraded
servo pointing performance due to structural mode frequency shifts that may result from launch
vibration, thermal and/or zero gravity cffects. In addition, a digital design can accommodate
several control strategies. The final decision to pursue an anzlog or digital implementation must
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consider all of the relevant factors including computation requircments, power consumption, cost,
ctc’. However, based on the cffort to date, the inherent capability of the digital implementation

to accommodate changes warrants its inclusion in thc Option I/III system.
10.4.2 Option II Design Considerations

A wide spectrum of control subsystem configuration and instrument design improvements were
considered for the Option i spacecraft design. For the Option I and III controller design, a
"clean slatc" approach was taken, with the primary goal to maximize system performance
(accuracy and jitter). However, to minimize programmatic risks and to reduce spacecraft design
cost, unproven and advanced technology concepts and hardware were not considered.

The instrument study for GOES-N is primarily a GOES-I instrument design improvement study.
Due to funding limitations, only a redesign of the GOES [-M one-mirror, two-=axis gimbal
system was considered. Note, however, that a preponderance of the results from this study (e.g.,
sensor/motor co-location, structural material selection and feedforward compensation) can be
applied to a dual mirror servo system.

The following paragraphs highlight the design trade-offs performed during the Option II design
study: Table 10.4.2-1 presents the ajor system drivers, the design changes selected to address
these drivers, and the resulting system impacts. For details/specifics of the various system trades,
refer 10 Appendices A and B.

10.4.2.1 Control Subsystem Alternatives

A number of control subsysteris were assessed for use on the GOES-N spacecraft (Appendix
A3.1, Alternative Configurations Studied). Included were the following generic approaches with
various implementation altematives for the real time control of the attitude:

Star detection with three star trackers
Polaris star tracker and earth sensors
Detection of ground beacoiss

Use of position determination satellitcs

10.4.2.1.1 Baseline Control Subsystem Configuration

The selected GOES-N control subsystem employs ~*ar detection with three star trackess . d a
flight proven IRU. This approach was selected becausc it provides about the best INR
performance with very low implementation risk.

The recommended subsystem utilizes 3 star trackers spaced at 120 degree around the pitch axis
ard canted down 35 degree from the celestial pole (Figure 10.4.1-3). Failure of a single star

! Note that these have not been fully addressed to date due to
study limitations.
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tracker only causcs slight attitude performance degradation; thus, full redundancy is maintained
for this configuration. The associated IRU is the redundant DRIRU 1i which has flown on a
number of spacccraft. The operation of this subsystem is described in the preceding Section
104.1.

The following sections synopsizc the other approaches considered and rejected for the reasons
specified. More details are provided in Appendix A3.

10.4.2.1.2 Polaris Star Detectors

The use of Polaris star trackers in conjunction with the existing earth sensor, were considered as a
means of potentially simplifying the requirement of the baseline approach to continuously track
different stars. This approach would eliminate the need for complex star catalogs and will provide
precise spacecraft control along the roll and yaw axes. The primary drawback of this approach is
that, without additional star trackers, the spacecraft pitch cannot be controlled anywhere near that
required to meet the GOES-N performance. In addition, the spacecraft would need at least 2
Polaris trackers to satisfy redundancy requirements. Since this controls architecture cannot meet
the stringent GOES-N perfonmance requirements, it was dropped from further study.

10.4.2.1.3 Detection of Ground Beacons

The use of ground beacons is potentially desirable because the beacons, like stars, would provide
point sources for controlling the spacecraft attitude and would be earth referenced. Thus, the jitter
performance would be similar to the baseline subsystem, but would only incur about a sixth of
any error in orbit position. Moreover, comparable INR performance to the baseline Option II
system could be achieved without additional ranging stations (i.c., the orbit could be determined
as in GOES-I using instrument star and landmark measurements).
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TABLE 10.4.2-1
OPTIONS II & III SYSTEM TRADES

—

.- DRIVER . | - DESIGN CHANGEGS) . | - = IMPACT

NAVIGATION/REGISTRATION | GYRO/STAR TRACKER ZERO | MULTISTATION RANGING
STABILITY MOMENTUM CONTROLLER | LEQUIREL FOR EARTH POINTED
SPACECRAFT
IMAGER/SOUNDER COOLER | - REMOVE SOLAR SAIL/TRIM | DAILY THRUSTER FIRINGS
PATCH TEMPERATURE TAB ORRIT UNCERTAINTY YAW AXIS
- NO MAG TORQUERS FLIP
~ ELIMINATE COOLER SUN
‘ SHADES
| INSTRUMENT POINTING OPTICAL ENCODER REMOVE INDUCTOSYN
| Accuracy
| INSTRUMENT POINTING MODIFIED STRUCTURE & INCREASE 'NSTRUMENT
| STABILITY MODIFIED MOUNTING STRUCTUF * *. FREQUENCIES &

M™IMIZE THERMAL

DEFORMATICNS
IMPROVED SERVO DIGITAL PROCESSING
CONTROLLER
CHANNEL-TO-CHANNEL LARGE FOCAL PLANE REQUIRES RESAMPLING Or
| ALIGNMENT CONTINUOUS &

IN-FLIGHT AL.NMENT
TECHNIQUES*
MINIMIZE BEAM SPLITTERS

* NOT CURRENTLY BASELINT

This approach was 1ot rc. smmended for the following reasons:

Most laser be «won: are severely attenuated by cloud cover, which would require numerous
locations, wide.: distributed to cnsure a high probability that 2 ~ 3 beacons would always
be visible.

Microwave beacons at the frequencies likely to be available for this application are
attenuated by precipitation. Sitting, while not as severe as for laser beacons, would still be
a problem.

Both laser and microwave beacons would require national and international Consuitative
Committee International Radio/Consultative Committec on Intemational Telegraph and
Telephone (CCIR/CCITT) coordination before they could be introduced, often a long anc
involved process, in addition 1o the usual frequency coordination process necessary before
instzllation of transmission cquipment at a new site.

Laser beacons might require tnat airplancs be excluded from ihe  ‘rspace above the
beacons.
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. Both lascr and micfowave beacons would require some amount of routine maintcnance and
rcpair that would appcar to be at least as cxpensive as for the proposced ranging stations, if
not morc expensive because of the need for additional sites.

‘The usc of an interferometer oa the spacecraft in conjunction with ground bascd beacoas was also
woasidcered.  This application using ground based beacoas was also not recommended for most of
thc above reasons. In addition, the attitude determination requires that the antcnna/recciver
scparations of 3m be known to 30pm to achicve the allocated 10ur of attitude uncertainty.
Thermal deformatioas alcne will make this difficale

10.4.2.1.4 Use of Position Determunation Satellites for Orbit Determination

Both the GPS system and the TDRSS plan to incorporate means by which geostationary satellites
can continuously reccive their transmissioas, and thercby detemine their locatioas/orbit. Given the
unccrtainty in both future program funding and development time, th's means of orbit
determipation is not reccommended.  However, iffwhea cither of these programs do provide the
capability to coartinuously determine location, they should be considered in licu of multiple
ranging statiors.

104.22 Future Coatrol System Impre ‘emeats
104.221 Gyroscope Improvements

Tre use of advaaced development IRUs for GOES-N is considered too risky at this time.
However, if a. 7 of the advanced IRU's do become proven through test and/or Light they should
be reexamined for use on GOES. As discussed in Appendix A3.1, there may be ar improvement
in power, weight, life andfor increased accuracy.

Two differeat gyro technologies warrant monitoring duning the GOES-N study phase, because
they have maiwcred to the level where fligh: qualified units may be available at the tum of the
century. These are the Fiberoptic Rotation Sensors (FORS) under development at the JPL, and
the Hemispheric Resonater Gyroscope (HRG) being Jeveloped by Delco. Bnth urits are in
various test phases at the Chzrles Stark Draper Laboratories. Currenty, thc FORS is being
developed as an advanced technology icplacement of the DRIRU Il, requiring less power with a
longer life expectation due tc no movisg paris and comparable noise and drilt charactenstics. In
addition, increasing the coil length and/or its diameter provides a straightforwar¢ means of
improving the FORS performance beyond that of the DRIRU Il

The HRG, being developed vy Delco exhibits high stabiity (ic., low drift)  s-a-vis the

DRIRU I, recquiring updates in the tens of minutes insicad of fractions of a minute. As a result, a
GOES conuol system with this gyro package would utilize star measurcinents made by the
wstruments approximately cvery 15 miautes ‘. updatc the gyroscopes.



The potential advantages of these extremely stable gyros are the climr ‘nation of the star irackers
and rcferencing of the control system to the instrument focal planc instcad of the spacccraft. The
latter advantage results in improved INR performance and the poteatial for elim’ -zaayg the
proposed IMC function.

10.4.2.2.2 Star Catalog Improvements

The current subset of the star catalog proposed for GOES-N has an average star location
uncertainty of 4ur, a major source of the coatroller crror (Appendix C). It is anticipated that, by
the year 2000, the GOES star catalog subset will be significantly improved as a result of efforts
such as programs associated with the HST.

Coatact should be maintained with the < .ganizations respoasible for updating the star catalog to
ensure that the GOES star catalog contains the most recent star locations.

104.23 Iastrument Design Improvemeat Studies

A study of the current GOES-! instrument design was performed to ideatify areas where changes
could be implemented to enhance pointing performance and improve controller robustness. Both
the instrument struciure and servo coatroller were examined. As discussed in Section 10.4.2, the
instrumeat design inprovement study was coas‘rained to modifications of the GOES-I instrument
servo (1 mirro -, 2 axes gimbal system); however, most of the results equally apply to a 2 mirror
system. In addition, diumal thermal deformation performance improvemeats due to the improved
materials design were not studied. Sections 10.4.2.3.1 aad 10.4.23.2 summarize the results from
the specific changes that were considered.

10.4.23.1 Instrument Strectare Design Counsideratioas

The pointing performance of the existing GOES-I servo controller is limited by the structural
bending modes (or frequencies) of the instrument. An examination of a frequeacy respoase of the
GOES-I cast-west coatroller axis illustrates the typical probler that arises in designing the servo
controller. (Figure 10.4.2-1) As shown, the instrument structure provides a “triple punch® of
highly observable low, medium, and high frequency modes. The low frequency modes (50-90Hz)
impact system performance, and the mid-range (250-600Hz) and high frequeacy (1000-2000Hz)
mcdes umpact system stability margins. Painstaking design practices were brought to bear to
achieve the 45Hz contruller design for the GOES-I cast-west scrvo and ensure that stability
margins were met.  To improve system performance for GOES-N, variou: structural modificaticn
studies were performed to reduce the control—structure interaction in the above three frequency
ranges.
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Scctions 10.4.2.3.1.1 through 10.4.2.3.1.3 document structura! modifications that were oonsidered
in an attempt to produce favorable changes in the instrument's frcqueacy respoasc. With the
improved frequency respoasc, it was anticipated that the controller design cffort might be made
casicr, and the GOES-N requircments might be met.  For modifications which did produce an
improvement in the frequency respoasc, the servo coatroller was redesigned to determine if a
performance improvement could be obtained. The coatroller redesigns ase further discussed in
Section 1042321,

10.4.23.1.1 Co-located Motor/Encoder

Onc of the factors which limits the performance of the GOES-1 servo coatroller is the presence of
high frequency flexibility in the structure. Usually, high frequency resonances are atenuated
naturally by the inertia of the structurc. However, in the imager and sounder, the prirary torsion
made of the cast-west shaft is of sufficient magnitude W impact the stability of the servo
oontroller. The result is an undesirable limit on the bandwidth and, beace, performance, that can
be achieved.

In an attempt to remove the effects of shaft flexibuuy from the s. ~ *m, a proposal to move the
inductesyn seasor to the same side of the shaft as the motor was . - sidered. A subsequeat
analysis (Appendix B.1) produced the unexpected result that the s*ability problem was aggravated
in the new coafiguration. A closer examination of the analysis results determined that the
relocation of the inductosyn caused the torsion mode to become more observable to the servo
coatroller. This approach was tierefore abandoned.

104.23.12 Two Point Mimor Mount

Another proposed method for minimizing the effect of shaft flexibilily was to change the mirror
mount from 2 onc point mount a the center of the shaft to a two point mount at cach end of the
shaft. On~ end of the mistor was attached rigidly tc the shaft while the other end was attached by
a oollar type joint to allow thermal expansion of the muror. Because the mirror could not be
attached rigidly at each end of the shaft, the frequency respoasc of this new coafiguration stdl
showed significant high frequency flexibility. Although sonic improvement in mid-frequency
shaft bending modes was noted, a controller redesign for the new structure failed to produce any
gain in bandwidth, system robustness, or step and settle performance.

10.4.23.13 Improved Materials - Beryllium and Graphite Fiber Reinforced Plastic (GFRP)
designs

In addition to0 high frequency flexibility, the design of the instrument servo is also hampered by
the presence of structural modes at low frequencics which are close to the required controlie:
bandwidth. As 13 result, stiffer matcrials werc considered in an attempt to raisc the lowest
frequencies of ihe structure and increase their scparation from the oontroller bandwidth.

The first material change that was coasidered was to use the current instrur.cnt design with the
aluminum paits rcplaced by beryllium. A subscquent analysis showed that ihe frequencies only
showed slight increases which were not suthcient to help the servo design effort. A more
extensive structural modification was thercfore required.  As a result, a new instrument
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configuration was consiucred which utilized the curreat two axis scan asscmbly, but the support
structure was changed to 2 stiffer cylindrical arrangement.  GFRP matenal was used (o construct
the ncw support structure. An analysis of the GFRP configuration showed that the changes did
producc an appreciablc improvemeat in the fundameatal frequency (from about 50 to 90Hz). A
coatroller redesign was therefore performed for the new stmeture to assess the performance
improvement that could be obtained (Appendix B.1). The subsequent coatroller design resufted
in a bandwidth that is less than the GOES-I coatrolier duc to the sclf imposed tighter stability
requircments. However, after adding a prefilter to the compensation design, it vas found ths
design met the GOES-N requiremeats with margin. (Section 10.4.2.22.1).

The GFRP design concept was alsu motivated in part by a desire to minimize thermal cffects on
instrumem pointing. GFRP has a cocfficient of thermal expansion that is an order of magnitude
less than that for beryllium or aluminum. An instrument redesign employing GFRP material can
therefore be expected to exhibit less thermal snapping and cyclic de formation than the GOES-1
design.

104232 Instrument Servo Design

This section documecats the efforts which were made to identify improved coatrol <trategics for
use in the GOES-N system. These cfforts, which are summarized in Sections 10.4.232.1
through 10.4.2.3.2.3, demoanstrate the difficuity in designing a robust coatroller to a more stringent
set of specifications than was required of the GOES-I instrumeats. More details of these efforts
are contained ir Appeadix B.2. Sections 10.4.23.2.4 and 10.4.2.325 cover other design issues
which mus: be addressed to improve performance, and Section 10.4.23.2.6 summarizes the servo
design oonclusions.

Because the requirements for the < ‘under cast-west servo are more stringent than those of the
imager cast-west servo and the umager and sounder porth—south servo, and because the
mechanical designs of the imager an< scunder are ideatical, only the controller design for the
sounder cast-west servo was undertaken. The east-west motioa of the sovnder mirror is required
to settle o wi  ° 1.9% (5.5ur optical) of a 280ur step input in 28ms. The required gain maigin
ou all phase-si lized modes is at least 8dB, with at least 30 degrecs phase margin; and all gain-
stabilized flexit..~body modes must have a gain margin of at least 15dB. To ensure 9Jerformarce
robustness, these n...ins must hol? despite uncertainty in modal frequencies of 20% and
minimum damoing of 0.1% for each mode.

10.4.2.32.1 Classical Control Redesign

The purpose of the study reported in Appendix B.2 was to determine if the GOES-I instrument
could be made to meet the GOES-N requirements by improving the structure and then
redesigning the cortroller using the same analog filtering approach as was used in the GOES-1
controller design. In this approach, a proportional-plus-integral-pius—derivative (PID) controller
w:s used in conjunction with an inverse Chebyshev filter and lead compensation network.  Of the
structural modificauons considered. on,y the two point mirror mount and GFRP coacepts showed
cnough improvement in the structure o merit a controller redesign.  The controller redesign, with
the GFRP structure exhibits a 30Hz controller bandwidth. The bandwidth of this redesign is
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somcwhat lcss that than that achicved on GOES-I, but the redesign is significantly more rooust
(less scnsitive to parameter variations). Without a prefiltcr, acither the two point mirror mnount
nor the GFRP design could satisfy the GOES-N sounder stcp and sctile requirement. la an
atticmpt to impruve the performance of the designs, a feed-forward compensation filter was
included in the revised designs 10 adjust the transient respoase of the closed-loop systems.

10.4.23.22 Feed—forward Compensation Filter

A feed-forward compensation approach (Appe.dix B.1) was undertakea to determine whether the
sounder east-west step and scitle performance could be improved to meet GOCS-N requirements.
The purpose of feed—forward compensation is to improve the closed-loop system's slow resnoase
(in situations where low bandwidth is required for stability) to achicve faster respoase to a
command signal. Figure 10.4.2-2 illvstrates the feed~forwar? coatrol concept. Three different
corapensations were attempled as documented in Appeadix B.1.

With an appropriac feed-forward compensation filter included, both the two point mirror mount
and GFRP dcsigns met the step and settle requircment using a lipcar simulation. However, the
filter mquired by the two point mirror mount design was of high ord:r and indicated that the
design would probably be se-sitive o variations in the frequencics of the flexible modes. By
coatrast, the GFRP concept required a simple feed-forward filter that only models rigid body
characteristics of the plant.

For ris reason, 2 GFRP design is considered to be the most feasible candidate for achicving the
GOES-N requiremeats in an actual implemeniavon using the classical contro! rmdesign and the
ferd-forward compensaiion ficld.

104.2.3.23 Obscver Based Coatrol

A mode—~ oratrol aprroach to the servo design is discussed in Appendix B.2. In this approach,
observer-state feedback is used to <1bilize certain flexible-body modes and to achieve the
required settling time and accuracy. Funding for this effort was extremely limited, and
consequenil:’ the -=sults to date are somewhat inco. clusive. In addition, this design concept has
not yet beea spaccilighs provea oa very high bandwidth instruments.

The resultirg sixth order controller possesses a closed-loop bandvidth of 24Hz; lower than the
GOES-I design but ith a higher system damping (0.9 overall damping ratio). Simulations
indicate that the closed-loop system is robustly stable with respect 10 a + 20% vanation in the
modal fi icncies analyzed; however, whea some additional high frequency modes with large
rodal gains were 7dded to the instrument structural model, they were destabilized by the observer
feedback. Ncar the end of the study, it was notzd that the Loop Transfer Recovery (LTR) mcthod
co 'Id dran.atically improve stability robustness to wnmodeled structural modes while maintaining
system performance.  This technique should oe looked at in more depth in future instuments
studics.
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10.4.2.3.2.4 Optical Encoder vs. Inductosyn

In an cffort o0 reduce mcasurement error in the servo, oplical cacoders were coasidered as an
altcmative 10 the inductosyns for scasing shaft angle. An crror performance comparison of the
two devices showei that the optical encoder offers an order of magnitude reduction in random
linearity crrors and a 25% decrease in bias lincarity crrors, largely because of wc simpler
clectroaics required to implement the device. Morcover, the optical encoder system will be less
expeasive (o build, test, and calibrate duc 10 the decreased electronics seasitivity. One drawback
of the optical eacoder approach is that it requires some redesign of the instrument structure if the
current GOES-1 design is retained.

However, the optical encoder becomes the sensor of choice for the redesigned instruments of
Optioa II and 11 due to its improved accuracy, reduced electronics seasitivity (especially to
nois<), and reduced oost.

10.4.2.325 Digital Image and Spacecraft Motion Compeasation (IMC/SMC) Interface

The end-t2—end line of sight pointing error for GOES-I is corrected using IMC and MMC. IMC
compen=ates for low frequeacy uncontrolled motion from nadir including orbit inclination line~
of-sight motion and spacecrafi/instrument thermal distortion effects. MMC corrects for
uncoatrolled disturbances in the spacecraft pointing due to the mirror motioas of the instrumeats,
especially the black body calibration slews which are performed to calibrate the infrared channels
of the instruments. Note that for GOES-N, the MMC is replaced by the real-time SMC. For
GOES-I, the IMC and MMC are computed in real time in the AOCE computer oa the spacecraft
using irformation uploaded from the ground system and sent to the instruments as an analog
signal. The ermrors introduced by this approach are within GOES-I allocatx - haut arc too lazge if
GOES-N is to meet its pointing requirements.

In the GOES-I design, the AOCE computer generates an IMC/MMC signal every 128ms. The
digital compensation signal is converted to an analog voitage and sent to the instrument as a
signal with a maxumum level of plus or minus 10v. In the instrumeid, this is received in a
differential amglifier, switched through the proper gain setup resistors, and converted iato a digital
portion which goes to the inductosyn drivers and to a =8ur analog portion which is summed into
the servo error. This piccess introduces errcss in the IMC response of the instrument which are
estimated o be about Sur in the GOFS-I system. This process is quite con. “~x and sensitive
from an electronics standwint. Going to an all digital interface can signific.. ty reduce these
errors.

The rccommended ap;.roach for GOES-N, which provides the best total performance, is to move
the IMC comgutations t0 a comguter in the imager or sounder. The OATS ground computer
would then interface direct!, wiih the instrument computers providing IMC thermal distortion
prediction data to the computzr once a day. The ACC would provide orbital location and MMC
(for Option 1) or rcal-timec SMC (for Options 1/I11) information through = simple scnal interface.
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This design would significantly simplify the intcrface between the instruments and the conrol
system and climinatc the interface errors of the GOES-I system. This is the preferred approach
for the ncw imager and high spectral recolution sounder. If the imager on the Option 1 or Il
system gocs 10 an optical encoder then this approach is also preferred for these instruments.

10.4.23.26 East-West Flex Pivot Design Study

The primary goal of this study was to determine the feasibility of using flex pivots and magnetic
actuation as an altemative to the existing cast-west segvo; pariicularly for the imager. Flex pivots
offer several advantages over the east-west bearing system on-board GOES-I. They provide
very linear, smooth and repeatable torque characteristics. As a result, they eliminate bearing
torque noise, eliminate nonlinear friction effects, and provide improved scan accuracy and reduced
scan jitter. They also provide an enhancement in reliability and system life due to the elimination
of the limited rotation east—west bearings.

Flex pivots, developed by Lucas Acrospace (formerly available from Bendix), have clearly
illustrated their ability to meet the ruggedness and life requirement of the GOES scanner. Figure
10.4.2-3 depicts a typical flex pivot and its characteristics. The demonstrated life and on-orbit
operation of the flex pivots on the LANDSAT TM and the ASTRO-1 UIT IMC (flown on the
Space Shuttle Columbia) provide a clear indication that GOES mission requirements can be easily
met.

A conceptual design of the flex pivot drive aswembly was developed and is described in Appendix
B.8 The proposed implementation assumes closed loop position servo control using feedback
fromn a high deasity optical encoder. The drive motor is a limited angle dc torque motor with a
raze carth permanent magnet rotor.

The flex pivot suspended east-west scan system design locks feasible and very attractive. The
pnumary outstanding issue is whether adequate centering of a high accuracy encoder along the
pivot rotational axis is feasble. This can ecasily be resolved through simple experimental
verificution. Inexpensive, low level research to resolve this issue is highly recommended.

10.4.3 Option II Performance and Results Summary

10.4.3.1 Optior Il ®erformance Budget

The pointing performance assessment results for the s ‘ected Option Il system are given ia Tables
10.4.3.1--1 through 114 3.1-4. In each of the tables, the error is grouped into six nior

categories which combine to form the to*al eror:

Attitude contr ] (lin . 8),

2. Dynamic intcraction - rigid body (line 22),

3. Dynamic interaction - non rigid hody (line 28),

4. Image Motion Compensation (IMC, line _3),

5. Spaccecraft Motion Compenzat’ on (SMC, line 44), and
6. In «rument pointing (linc 43).
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Figure 10.4.2-3
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The crror totals given in the tables for items (1) through (6) arc computed by RSSing the crrors
which comprisc cach category. The only exception is the orbit/attitude model and non-repeatable
crror (linc 38), which is calculated as 10ur + 10% of the RSS total of its compor.cnts on lines 39
and 42, because of projected use of SSAA as in GOES-I (Scction 10.3.2).

Figure 10.4.3.1-1 is a bar chart which provides a summary of the INR performance of the Option
Il system. The error totals for each of six categories are shown so that the relative contribution of
cach can he exan:ined. A quick comparison of the Option 1l totals with Option I show that
nointing performance has been greatly improved, with total error decreasing by approximately a
factor of two. Option II achieves the improved performance primarily through the use of a
gyro/star tracker system which offers better attitude stability and by using GFRP material which
reduces thermal deformation effects and, hence, IMC requirements for the sounder. A full
description of the allocation budget entries is given in Appendix C.

10.4.3.1.1 Navigation

Figure 10.4.3.1-1 shows that the predicted navigation error performance of the Option I system
is 34.0pr (including a 50% margin), which slightly exceeds the 33.0ur requirement. IMC is the
largest error source, with attitude control and instrument pointing also providing contributions
tkat are nearly as large. Even with the margin included, the Option II system only slightly
exceeds the requirement, so the actual implementation may achieve the desired performance.

1v4.3.1.2 Within-Frame Registration

Figure 10.4.3.1-1 shows that the predicted within-frame error performance of the Option 11
system is 373ur (including a 50% margin) which exceeds the 14.0ur requirement. The total error
has increased from navigation levels, largely because both the instrument pointing and IMC errors
increased by the square root of two due to their random nature. The increase is partly offset by a
decrease in attitude control >rror, which is primarily due to the fact that bias error from attitude
estimation does not affec within—frame registration as it dues ravigation. The large disparity
between the predicted . formance and the requirement indicates that it will be very difficult to
design a system which achieves the performance goal.

10.4.3.1.3 Frame-frame Registration

Figure 10.4.3.1~1 shows that the predicted frame to frame registration performance of the Option
II system is 32.7wr (including a 50% margin) which exceeds the 14.0ur requirement. The error
distribution is similar to the within—frame registration case with the exception of instrument
pointing error which is greatly reduced due to the absence of servo bias error. It is evident that
the predicted performance still falls far shori of the goal and, like within-frame registration, will
be difficult to achieve.

174.3.2 Assessment of Results
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TAELE 10.4.3.1-1
TOP LEVEL ALLOCATION: OPTION 1l

.GOES OPTION §l

]

: o WITHIN_FRAME 90 MINUTE
NAVIGATION | - ' REGISTRATION REGISTRATION
(ur) o () )

COMBINED ERROR 34.0 37.3 227
WITH 5% MARGIN

I COMBINED ERROR 26 248 21.8

I ATTITUDE CONTROL 122 55 7.5
DYNAMIC INTERFACE 6.3 89 8.9
RIGID BODY
DYNAMIC INTERFACE 4.1 53 5.8 |
NONRIGID BODY
IMC DIURNAL 12.9 13.9 15.2
COMPENSATION
SMC NEAR REALTIME 45 6.3 6.3
COMPENSATION
INSTRUMENT POINTING 11.0 15.5 5.8
% ATTITUDE CONTROL 30.0 13.3 28.0
% DYNAMIC INTERFACE 8.0 343 39.3
RIGID BODY
% DYNAMIC INTERFACE 3.4 14.6 16.7
NONRIGID BODY
% IMC DIURNAL 33.2 83.2 113.8
COMPENSATION
% SMC NEAR REALTIME 4.0 171 19.6
CC*1PENSATION
% INSTRUMENT 24.2 103.8 16.3
POINTING
NOAA REQUIREMENT 33.0 14.0 14.0
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ALLOCATION -

3
[

7

8

9
10
n
12
13
1%
15
11
7
18
19
20
21

FORL8YEUEUYRUKUEYUNRONUN

A VIRV, IV IRV IV IRV Y I N 23

SPACECRAFT OPLION 2 NAVIGCATION, (9-0ct-90
1 REVISED GOES N BUDGET: IRU/STAR TRACKER
2 FILE NANE: IRU_NAV2.\00 NOAA REQ‘T: 33 uR
4TH LE.EL  3A0 LEVEL  2ND LEVEL  1ST LEVEL
! | | | |
S TOTAL - 1ST LEVEL W/ SOX MARGIN | | | | 3.0 |
6 TOTAL - 1ST LEVEL | { | | 2.6 |
SAT. ATTITUDE STABILITY I l { ( 6.4 |
ATTITUDE CONTROL l 1 | 12.2 | |
STAR CATALOG LOCATION ERROR | { 4.0 | | |
ATTITUDE ESTIMATION | | 1.1 | |
GYRO NOISE (#) | 0.7 | { l |
GYRO ORIFT | 0.0 § ] | |
STAR MSHNT. ERRR { 0.0 | { | '
EPHEMERIS UNCERTAINTY | 9.9 | { | {
VESIOUAL MISALISNMENT | 4.9 | l { |
CONTROL LAY { l 1.7 ] { {
QUANTIZAT 10N | 1.4 | i | {
COMPUTAT IONAL DELAY | 1.0 | | | |
REACTION WHL./TACR. PERFORMANCE | { 2.8 | { |
TACH. QUANTIZATION { 2.8 | { { t
TACH. NOSSE | 2.0 | { { {
OYNAMIC INTERACTION - RIGID 80OY i { { 6.3 | i
Ib. Y/SNOR UNCOMP. MIRROR MOTION*1.41 | { 6.2 | { |
RESIOUAL MIRROR HOT{ON { 02 { { }
RESIDUAL MODELTNT ERROR | 0.0 | ! | |
AW IMBALANCE/FRICTION | | 2.0 { | {
SOUAR ARRAY STEPPING | | 0.0 |} | |
DYNAMIC INTERACTION - NON RIGID 80OY | l | 6.1 |
MIRROR MOTION | ! 1.8 | ! |
TRERMAL SNAPPING 1 I 4.0 | | |
OTHER | | 9.0 { | |
MOTION COMPENSATION - INSTR.POINTING i { | { 17.5 |
IMC (26 HOUR PERIODIC CORRECTIONS) | { { 12.9 | |
$7C INTERFACE i | 2.0 | | I
TIMING MISHMATCH | | § | |
NUMERICAL APPROXIMATION | { | | |
PERFECT O/A DETERMIN } { 2.0 | / §
O/A MODEL & NONRPTL. ERR (M/SSAA) | | 12.5 | H |
ORBIT/ATTITUDE MODEL ] 5.0 | | | |
THERMAL (INST2. & OPT. BENCH) | 3.0 | | i !
MODEL PARAMETERS | 0.0! | { i
NONRPTBL.ERR | 5.0 | | | !
HEATER OPS. | 5.0 | | | |
SMC - NEAR REAL TIME COMPENSAT’W { { i 4.5 4 |
HI FREQ GYRO NOISE | | 1.4 | | |
SAKPLING | { 1.4 i {
PARAMETER MISMATCH | { 4.0 | ] l
INSTRUMENT POINTING | | ! 11.0 | {
IMC & SMC SERVO ERROR * 1.41 i | 2.8 | | |
PROCESSING ERROR | | 2.0 ] }
INTER. TORQ H { 2.0 | | |
CKT.ORIFT | l 0.4 | | |
OUAD .ERRORS { | 0.0 | | |
LINEARITY I | 0.8 | { {
LINEARITY 81AS | | 8.8 | | {
HOISE/JITTER | \ 2.0 | i |
STEP/SETTLE { | 1.0 { :
DET_ROTATION | { 4.2 4 .
VIDEO DELAY | } 2.0 | 1

59

TABLE 10.4.3.1-

60 (#) INCLUDES EFFECTS OF GYRO ORIFT & STAR MSHI I. ERROR AFTER KALMAN FILTERING
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ALLOCATION - SPALLCRAFT OPTION 2

\
2
3

Qe N WS

59

TABLE 144 3.1-3

UITHIN-FRAE, 09-0ct-90
REVISED GOES N BUDGET: IRU/STAR TRACKER |
FILE NAME: [RU_INF2. w1 NOAA REQ‘T: 16w |
4TH LEVEL 3RO LEVEL  2NO LEVEL 1ST LEvEL !
A { | | I
TOTAL - 1ST LEVEL W/ SOX MARGIN [ | | { 37.3 1
TOTAL - 1ST LEVEL | | | { 2.8 |
SAT. ATTITUOE STABILIT | 1 | } 12.0 |
ATTITUDE CONTROL ] ) { 5.5 § |
STAR CATALOG LOCATION ERROR | t 2.0 | | l
ATTITUDE ESTIMATION | i 2.2} | {
GYRO NOISE ® 1.41 () | 1.0 { { | {
GYRO ORIFT | 0.0 | l | |
STAR MSMNT. ERROR | 0.0 | { } §
EPHEMERIS UNCERTAINTY { 2.0} { 1 l
RESIDUAL MISALIGNMENT | 0| { { i
CONTROL LAY ® 1.41 | | 2.4} | |
WANTIZATION | 1.4 ] } } |
COMPUTAT IONAL DELAY | 1.0 | { | |
REACTION WHL./TACH. PERFORMANCE*1.41 | t 4.0} i !
TACH. QUARTIZATION | 2.0 | { { }
TACH. NOISE | 2.0 § | i |
OYNAMIC INTERACT{ON - RIGID BOOY ® 1.41§ i | 8.9 | t
IMGR/SNOR UNCOMP. MIRROR MOTION®1.41 | | 6.0 | { {
RESIDUAL NIRROR MOTION } 4.2 | § |
RESIDUAL MODELING ERROR i 0.0 | | { |
RU [MBALANCE/FRICTION { | 2.0} | l
SOLAR ARRAY STEPPING { i 0.0 | i i
OYNAMIC INTERACTICN-KOH RIGID 800Y*1.41] i { 5.8 | {
M/ 0R KOTIOH l { 1.0 | | |
THERMAL SHAPPING | | 4.0 | | 1
OTHER | | .0 | | |
MOTION COMPENSATION - J“STR.POINTING l l 1 | 21.8 |
INC (24 nOUP. PERICOIC CORRECTIONS) i | { 13.9 | |
S/C INIERFACE 1 I 2.0 | | |
TIMING MISHATCH | ] | | |
NUMERICAL APPROXIMATION 1 | | { |
PERFECT O/A DETERMIN { | 10.0 | | |
O/A MODEL & NONRPTL. ERR (W/SSAA) ] | 9.4 { {
ORBIT/ATT1TUDE MODEL l 8.0 | 1 | |
THERMAL (INSTR. & OPT. BENCH) | 8.0 | | | {
MODEL PARAMETERS i 0.0 | ] 1 I
NONRFTBL .ERR | 5.0 | | j |
HEATER OPS. | 5.0 | | | !
SMC - NEAR REALTIHE COMPENSATION ® 1.41| | | 6.3 | |
41 FREQ GYRO NOISE ! | 1.6} | |
SAMPLING | | 1.4 ] | l
PARAMETER MISMATCH | | 4.0 | | {
INSTRUMENT POINTING | i { 15.5 | §
IMC & SMC SERVC ERROR ® 2.0 | | 4.0 | | |
PROCESSING EPROR*1.41 | | 2.8 | 1
INTER.TORQ *® 1.4) ] | 2.8 | !
CKT.DRIFT * 1.41 | I 0.6 | {
QUAD .ERRO? " | i 0.0 | |
LINEARITY * 1.41 | { 1.1 ] |
LINEAR] 7 BIAS ® 1.41 | | 12.4 | |
NOISE/JITTER = 1.41 i | 213 |
STEP/SETTLE * 1.4% | | 1.4 ] |
DET.ROTATIULN * 1.41 | | 5.9 | |
VIDEO DELAY ® 1.41 | | 2.8 | i
|

60 (#) INCLUDES EFFECTS OF GYRO ORIFT & STAR MSMM . ERROR AFTER KALMAN FILTERING
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ALLOCAT oM -

3
[3

4
8

SS
Ta
sz
P

<3

TABLL 103 314

SPALE AT PIlom D QUGLLIFATION . 7 Ot v
1 REVISEO GOES M BUOGLT: [RU/STAR TRACKER
2 FILE mamg: [RU_RECY.wal ROAA R€Q°T: 14 o8
4TH LEVEL 380 teveL 240 LEVEL 187 LEVEL
! § i I
S TOTAL - IST LEVEL W/ 50X MARGIN i i | | 2.7
& TOTAL - IST LEVEL | i | I 218
SAT. AITITUDE STABILITY 1 { { { 131
ATIITUDE CONTROL { | { 7.5 |
STAR CATALOG LOCATION ERROR [] ] 5.0 ]
ATTITUDE ESTIMATION i { s.t t
GYRO NOISE = 1.4162 (&) [ 1.0 | { 1
GYRO ORIFT | 0.6 | I N
STAR NSMNT. ERROR H e.0 | ] 1
EPHENERTS UNCERTAINTY i s.e| { {
RESIOUAL MISALICWENT { L N | {
CONTROL LAW ° 1.41 i i 2.6 | i
GUANTIZAT [On { 1.4 ] ] 1
COMPUTATIORAL DELAY | LN | ] i
REACTION B ./TACE. PERFORMANCE™1.41 | ] L0} ]
TACR. QUANT JZATION ] 2.0 | { 1
TACH. WOISE ] 2.0 ] 1 ]
OVHARIC INTERACTION - RICIO 800T"1.41 i ] 8.9}
INGR/SIK 2 UNCONP. MIRROR MOTIOW*1.41 | { 6.0 | !
RESIOUAL MIRROR MOTION 1 2| ] {
RESIDUAL RODELIRG ERROR ] 0.0 | ] 1
U INBALANCE/FRICTIOR { 1 2.6 | {
SOLAR ARRAY STEPPING I ] a0 | ]
DYNARIC INTERACTION-NON RIGID BODY*1.41) 1 1 5.3
NIRROR MOTION | ] 1.6 { 1
THERMAL SNAPPING { i 4.0 | |
oTseR l I (X I
MOTION CONPENSATION - INSTR_PCINTING { | 1 { s
MG (26 MOUR PERIODIC CORRECTIONS) ! ] | 15.2 |
S/C INTERFACE [ I 2.0 | ]
TINING NISMATCN i | I i
MPERICAL APPRCXINATION { { { {
PERFECT Q/A DETERMIN I I 10.0 | |
Q/A MODEL & mOMRPTL. ERR (U/SSAA) | [ 13§ i
ORBIT/ATTITUDE MODEL { 12,8 | | |
TNERMAL (INSTR. £ OPT. SERNCH) [} 12.0 |} 1 I
MODEL PARAMETERS [} 6.0 | i 1
NOWRPTEL . ERR | 5.0 { {
NEATER OPS. 1 5.0} [} |
S - NEAR REAL TIME CONPENSATION"1.41 | ] 1 6.3 |
Rl FREQ GYRO WOISE { ] 1.4 | 1
SAMPL ING | | 1.4 | {
PARAMETER MISMATCN J ] €0 ] I
INSTRUNENT POINTING | I ] s.8 |
IMC £ SNC SERVO ERROR * 1.41 | | 2.8 | i
PROCESSING ERROR i i 2.0 | 1
INTER. TORQ I | 2.0 | 1
CXT.ORIFT © 147 | | .5 | |
QuAD ERxdCRS I | 0.0 | '
LINEARITY * 1.&1 i H 1.1} i
LINEARITY B1AS { | ¢.q | {
NCISE/ILTTER = 141 | { 2.8 | |
STEPIIETTLE 1 1 0.2 | {
SET.A0TATION { i 3.c! {
1360 Zérar = 141 [ H 2.2 !
60 (8) INCLUDES EFFECTS CF GYRO DRIFT L STAR MMl ERAOR AFT” R CALMAN FILTEQING |
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10.5  Option lil Coatrol and Poinung Subsystcms
10.5.1 Option Ul Overvicw
105.1.1 Option Il Description

The Option 1l coatrol system is identical to the Optioa 1l coatrol system (Figures 10.4.1-1,
10.4.1-2, and 10.4.1-3). The improvement in performance is primarily duc to the redesign of the
instrument with better thermal properties. Ancillary improvements are realized in the instrument
pointing as a result of an improved imager structure with a higher first modal frequency and a
larger optical encoder which improves scrvo performance.

105.3.1 Option Il Pesformance Budget

Tables 10.5.3.1-1 thrugh 10.5.3.1-4 give the predicted INR performance of the Option 111
design. The tables arc organized into the same six categories as those presented for the Option 11
case.

Figure 10.5.3.1-1 is a bar chan summarizing the information contained in the tables, and shows
the relative coatribution of cach category to the total error. Overall performance is oaly slightly
umproved over Option Il Levels.

1053.1.1 Navigation

Figure 105.3.1-1 indicates that the predicted navigation error performance of the Option 1
system is 32.6ur (including a 50% margin), and the system therefore meets the 33ur requirement.
The performance is slightly better than that in the Option II case because of tmproved thermal
propertics of the imager which 1s constructed of GFRP in Option III. The error distribution is
otherwise similar to that for Option 1.

105.3.1.2 Within-Frame Registration

Figure 10.5.3.1-1 indicates that the predicted within—frame registration performance of the Option
HI system is 33.3ur (including a 50% margin) which exceeds the 14.0ur requircment.

As in Option II, the large dispanty between the predicted performance and the requirement
indicates that achieving the goal will be difficuit using current techniques.

10.5.3.1.3 Frame-frame Registration

Figuic 10.5.3.1-1 indicates that the predicted frame-to-frame registration performance of the
Option il system 1s 28.7ur (including a S0% margin) which cxceeds the 14.0ur requircnient.
The crror distribution is s:milar to that for the within frame case, except for instrument pointing
which s decreased due o ine negluible servo bias crror

bt
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TABLE 10.5.3.1-1
TOP LEVEL 2.1 OCATION: OPTION

90 MINUTE
FRAME-FRAME
@)
COMBINED ERROR WITH 326 333 287
50% MARGIN
SOMBINED ERROR 218 - 222 19.1
ATTITUDE CONTROL 12.2 5.5 75
DYNAMIC INTERFACE RIGID 6.3 8.9 89
BODY
DYNAMIC INTERFACE 4.1 5.8 58
NONRIGID BODY
IMC DIURNAL 114 8.7 114
COMPENSATION
SMC NEAR REALTIME 4.5 6.3 63
COMPENSATION
INSTRUMENT POINTING 10.8 153 5.1
k ATTITUDE CONTROL 313 149 .3 1
% DYNAMIC INTERFACE 84 383 448
RIGID BODY
% DYNAMIC INTERFACE 3.6 16.3 19.0
NONRIGID BODY
% IMC DIURNAL 27.0 36.7 72.4
COMPENSATION
% SMC NEAR REALTIME 42 19.1 223
COMPENSATION
I % INSTRUMENT POINTING 245 112.7 14.7
I NOAA REQUIREMENT 33.0 140 140

-
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TABLE 10551

Y

AL O A LLe TPACLCRALT OfrTtom 8 NAVICAI (oM, 7 St ova
1 REVISED COCS N BUDGET: IRU/STAR TRACKER
2 FILE MAME: [RU_NAVS.\Q1 WOAA R€Q°T: 33 &R
4TH LEVEL 380 LEVEL 2wD LEVEL 187 LEVEL
| | | | ]
S TO"AL - IST LEVEL W/ 50X MARGIN ] | | { .6 |
6 TOTAL - 1ST LEVEL | i | | 2.8 |
SAT. ATTITUDE STABILITY | ] | | %4 |
ATTITUDE CONTROL | i | 12.2 | |
STAR CATALOG LOCATION ERROR { { 6.0 | | i
ATTITUDE ESTINATION 1 1 ma | 1 i
GYRO NOISE (#) I .7 | | { I
GYRO ORIFT | 0.0 | | | i
STAR NSMNT. ERROR 1 6.0 | 1 i i
EPHENERTS UNCERTAINTY | 9.9 | 1 i ]
RESIDUAL NISALIGRMENT l 49| 1 | {
CONTROL AU | | L7 | | |
QUANT I ZATION I 1.4 ] i | |
COMPUTAT IORAL OELAY ] 10} ] i [}
REACTION UL ./TACH. PERFORMANCE | ! 2.8 { | |
TACH. QUANTIZATION | 2.0} i | |
TACE. NOISE | 20| | i |
DYRAMIC INTERACTION - RIGIO 80OY | | t 6.3 1 |
INGR/SNDR UNCOMP. MIRROR MOTION®T.4T | | 6.0 | | |
RESIOUAL MIRROR MOTION i 4.2 | | | |
RESIDUAL MODELING ERROR | 0.0 , : 1 {
/U INBALARCE/FRICTION | 1 2.0 | ] 1
SOLAR ARRAY STEPPING | | 0.0 | t |
OYNANIC INTERACTION - NOW RIGID 80OY | | i 6.1 ] 1
MIRROR NOTION | | 1.0 | i 1
THERMAL SHAPPING | 1 %.0 ] | i
OTHER l { 0.0 | I i
MOTION COMPENSATION - INSTR.POINTING | | 1 | 163 |
INC (26 HOUR PERIOCDIC CORRECTIONS) | | I 1.4 | |
S/C INTERFACE i ] 2.0 | [} |
TINING MISMATCH | | | | |
MBMERICAL APPROXIMATIONM 1 I | | ]
PERFECT O/A OETERMIN (INR SIMRATR) | I 2.0 | | |
Q/A MODEL & ROMRPTL. ERR (U/SSAA) 1 i 1.0 | 1 1
ORBIT/ATTITUDE MODEL i 10.0 | | | |
THERMAL (INSTR. & S/7) { 10.0 | | I .
MOCEL PARAMETERS | 6.0 | | | |
NOWRPTBL . ERR { 2.0 | i | i
WEATER OPS. { 2.0 | | | |
SHC - NEAR REAL TIME COMPENSATION I i | LS | i
Rl FREQ GYRO NOISE { | 1.4 | I |
SAMPLING 1 | 1.4 | | {
PARAME TER MISMATCH i | 4.0 | | |
INSTRUMENT POINTING i | | 10.8 | |
IMC £ SMC SERVC ERROR * 1.41 | | 2.8 | i |
PROCESSING ERROR | | 2.0 | | |
INTER. " WQ ! 1 2.0 | | |
CXT.ORIFT | | 0.4 | | {
QUAD .ERRORS | | 0.0 | | |
LINEARITY | ] 0.6 | | ]
LINEARITY BIAS | | 8.8 | | |
NGISE/JITTER | | 1.0 | | |
STERP/SETTLE | | 1.0 | | ]
DET RCTATICN | | 8.2} | |
VIDEQ CELAY | | 2.0 | 1 |
| |

&3 (2) INCLUDES EFFECTS CF GYRQ DRIFT L STAR MsHNl, £RR0R AFTER TALMAN FILTERING
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TABLE 10S531-3

(%) INCLUDES EFFECTS OF QYR DRIFT L STAR MMt

ERQON AFTER KALMAN FILTERING

ALLOCATION - SPACLCRAIT OPTION § VITHIN-FRAME, 07 Nt 9
1 REVISED GOES % BUOGET: 1&U/STAR TRACKER
2 FILE WANE: [RU_INF3. W01 NOAA REQ*T: 14 R
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10.6 Recommended Aaditional Studics/Investigations

Table 10.6-1 summarizes the INR related studics/investigations that are recommended to be
complected defore the start of the Phasc-B cffort. A bricf description of the purposc and cxpected
results from each is provided below. The recommended INR studies arc grouped under the
following headings:

Dynamic intcraction

Attitude control ~ cphemeris uncertainty
Attitude control

Semiannual 180 degrees spacecraft yaw flip
Servo 2 mirror GFRP structure

Optical bench

Wheel mounts

10.6.1 Dynamic Interaction Study

The purpose of the dynamic interaction study is to determine the impacts to the spacecraft
controller resulting from a S&R interferometer, a mechanical refrigera‘or, and solar pointing
instrument motion. A primary effort in this study is the development of a spacecraft structural
model, which can thea be tailored to determine the dynamic interaction effects of a S&R,
refrigerator, and solar pointing instrument motion.

TABLF 10.6.1-1
RECOMMENDATIONS FOR FOLLOW-ON STUDIES

] DYNAMIC INTERACTION

] CONTROLLER IMPACTS RESULTING FROM:
° S&R INTERFEROMETERS
° MECHANICAL REFRIGERATORS
. SOLAR POINTING INSTRUMENT MOTION

° ATTITUDE CONTROL (EPHEMERIS UNCERTAINTY)
. IN-DEPTH ORBIT DETERMINATION PERFORMANCE ESTIMATION
) THRUSTER PLACEMENT TO MINIMIZE CONTAMINATION OF
INSTRUMENTS/COOLERS
° CONTINUQUS STATIONKEEPING
° KESAMPLING (IF REQUIRED)
° ATTITUDE CONTROL

] STATIONKEEPING & HOUSEKEEPING MANEUVER & RECOVERY
SIMULATIONS
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° ACS INTERFEROMETRY MAGNETIC CONTROL IMPACTS ON
SPACECRAFT
L CONTROL SYSTEM/INSTRUMENTS INTERFACE DEFINITION
. ACE COMPUTER/SYSTEM BUS DESCRIPTION
. SEMIANNUAL 180 DEGREES SPACECRAFT YAW AXIS FLIP

° STAR TRACKER STAR AVAILABILITY
° INSTRUMENT IMPACTS

° SERVO: 2 MIRROR GFRP STRUCTURE
° STRUCTURAL MODEL
. SERV?) PERFORMANCE
° THERMAL PERFORMANCE

o OPTICAL BENCH

° STRUCTURAL MODEL
. THERMAL PERFORMANCE

° WHEEL MOUNTS

° SOFT MOUNT VS MAGNETIC BEARINGS

The primary concemns with the S&R interferometer are the potential for thermal snapping and
potentially undesirable modal frequencies. For the mechanical refrigerator, the normal pumping
motions would be investigated to determine the impact on INR performance. Similarly, the
motion from solar pointing instruments needs to be evaluated to determine the effects on
spacecraft pointing.

10.6.2 Attitude Control - Ephemeris Uncertainty

‘The effects of orbit determinat’on uncertainty needs to be further analyzed to determine
perforinance degradations resulting fror' ranging at candidate sites sclected by NOAA. This
analysis would be done parametrically t) assess the uncertainty based on the use of different sites,
and different ranging accuracies associzted with different implementations.

The placement of thrusters to eliminate/minimize contamination of both instruments and coolers,
while providing the capability to unload the daity wheel momentum buildup, needs to be carcfully
cvaluated. As a part of this cffort, the capability to usc the daily wheel unloadings to also provide
continuous stationkceping would also be examined. If this is determined to be impractical,
scparate thruster firings for nearly continucus stationkeeping would be evaluated.
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If the usc of thrusters for cuntinuous stationkeeping is not feasible, it will then be necessary to
evaluate the usc of resamgling as a means of providing fixed grid images with a large focal planc.
That is, cither continuous stationkceping to keep the inclination within tight bounds to minimize
IMC ratc change or resampling is required to support the IMC correction needed for fixed grid
images when a large instrument focal plane is used.

However, it is strongly rece - nended that resampling also be evaluated, becausc of its potential to
correct or mitigate unexpectea problems. An investigation of resampling would include an
asscssment of how to best combine the INR resampling requirements with current NWS
resampling activities o provide different map projections for users. IMC rate changes or
resampling is required to support the IMC corrections needed for fixed grid images when a large
instrument focal plane is used.

10.6.3 Attitude Control

‘The needed attitude control studies are:

) Simulations of housekeeping/stationkeeping mancuvers to ensure that recovery times are a
fraction (% or less) of an hour
° Further investigation of an ACS interferometer to determine if this is practical (e.g.,

geographical locations to mitigate weather effects, obtaining a frequency allocation) and a
more cost effective approach than star detectors; if it is, then the study will provide an
evaluation of an interferometer for providing the ephemeris.

° Refinement of the impacts of magnetic control on spacecraft weight and power
. Detailed definition of the control system and instrument interfaces
° Description of the ACE computer and system bus

10.6.4 Semiannual 180 degrees Yaw Axis Flip (Star availability)

This procedure to provide the lowest passive refrigerator temperatures requires that an in depth
analysis of star availability in both the Northern and Southern hemispheres be performed to ensure
the required availability of stars.

10.6.5 Servo Performance for a Two Mirror, Graphite Fiber Reinforced Plastic (GFRP)
Instrument

An analysis of the servo performance that is obtainable for an instrument with two mirrors and
designed with GFRP is needed. This analysis would first develop a structural model from which
the overall servo performance could be determined. The thermal performance of the new structure
aiso nceds to be determined.

10.6.6 Performance of an Optical Bench

The determination of the performar  of an optical bench requires that both a structural and

thermal model be developed for the proposed types of mountings.
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10.6.7 Evaluation of Wheel Mounts

A tradeoff comparison study between wheel soft mounts and magnetic bearings is required. This
study will result in the selection of the best reaction wheel mounting scheme for GOES-N
considering performance, risk, ard cost.

10.7 Recommended Rescarch

In order to achieve the within-frame and frame-frame registration requirements of 14ur, a
significant caange in the instnement design will be required to overcome cusrent error sources.
Referrirg to Tables 10.4.3.1-1 and 10.5.3.1-1 and Appendix C, the primary error in the within—
frame registration is due to instrument pointing, and, for the frame-fram: registration, the error, is
due to thermal variations.

One approach to reduce both these erors is to provide real time error position sensing through the
instrument. This technique is an adaption of the approach used on missions that require very
accurate pointing/registration such as HST. The adaption is necessary to extend the technique
from fixed pointing applications (e.g., staring at a star) to imaging the earth. Conceptually, this
approach continuously determines the difference between an earth reference signal (e.g., a beacon)
at a known location and the expected pointing position of the instrument with respect to that
reference signal. By continuously monitoring the measured (observed) difference between the
known signal and the current pointing position, a continuous pointing error can be developed that
is referenced to the earth. This error generation is analogous to the generation of a servo error
using an Inductosyn encod=r or optical encoder, except that the feedback path and error signal are
now referenced to the earth and include the pointing error. Like any closed loog servo, errors in
pointing due to any cause (e.g., thermal effects, instrument pointing) wiii be attenuated in near
real time.

For the near term, it is recommended that a research and development effort be initiated for an
instrument with the capability to continuously sense the position of an earth beacon at a known
location and de rmine the error in pointing, if any, with the desired pointing position. One
approach based on current technology would use 1000 x 1000 or 2000 x 2000 visible detector
arrays in the instrument to continuously monitor the location of a beacon. The array(s) in the
near term would not be used for imaging.

For the long term, the dzvelopment of large visible detector arrays to both image and be the
sensor porti:n of the pointing error detection should be undertaken.



110 SYSTEM SURVEYS

11.1  Spacc Environment Monitor
11.1.1 lﬁuoduction

11.1.1.1 Summary of Requircments

The rquiremeats for the GOES-N SEM ocontained in the “Statement of Guidclines and
Requirements: GOES-N Phase-A Study” are summarized in Table 11.1-1, reproduced from that
document. The first four instruments, Lc. the EPS, magnctometer, Full-disk XRS, and the SXI
are identified as the “Baseline™ payload for GOES [-M, and will be camried over into GOES-N,
although with some enhancement of the range of particle encigics covered by the EPS. It should
also be noted that the SXI will not be flown until late in the GOES [-M sesies. The emainder of
the requiremeats in Table 11.1-1, ic., the EUV Spectrometer, the SVM/Hal and the Radio
Beacon TEC, were classified as potential improvements to the SEM, with final sclection and
determination of funding to be deferred until after completion of the study.

Following the format established in the "Guidelines™ fc the imager and the sounder us to core
requirements, options, and enhincements, the Study Team identified the firs: four instruments
as "core”, and the remainder as "options”. Our dJassifications are then as presented in

Table 11.1-2.

11.1.1.2 Approach
11.1.1.21 Requircments Met by GOES-1

The requiremeants listed abuve for the magnetometer and the full disk XRS are unchanged from
the specified performance for GOES-1. Since the existing instrtumcats are expected 10 meet those
requirements, no effort has been devoted to alternate instrumentation approaches. It has, of
course, been necessary to consider system level impacts of these requirements, such as the levei ot
magnetic interference imposed by the spacecrait for the magnetometer, and provision of
appropriate FOV and pointing for the XKS.

11.1.1.2.2 Enhanced Requirements for Earth Environment Gbservations

The EPS, LPS and Radio Beacon jointly monitor several paramecters of the particle environment
as ordered by the earth magnetic field. The approach taken was to survey existing instruments to
define candidates for these insiruments. Impacts werce then determined for incorporation into
spacecraft moucis. wviost of these .nstruments make modest demands of spacecraft resources and
are largely available with proven designs.
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11.1.1.2.3 Enhanced Requirements for Solar Obscrvations

Addition ot the SXI1, the EUV Spectromcetcr, the SVM, and the Hal to GOES-N would resuli in a
dramatic increasc in the solar obscrvation capabilitics of GOES-N relative to curreat spacecraft.
Incorporation of scparatc scasors for the eatire suite would result o a corre:pondingly large (and
very likely impractical) impact 0 the spacecraft design and resousces.  Sina: it appeared unlikely
that the catire compicment could or would be implemented, and there was a need o define
supporting spacecraft systens carly, it was decied 10 size the spacecraft soiar observation
platform to accommodate the corc XRS and SXI instruments and onc other significant (ic. 20 kg
class) solar observing instrument. The SVM was arbitrarily sclected for inclusion in the Cotioa
Ul spacecraft model because more defimtive infornx ‘sa was available at the time than for the
other sol2r cowervations and becaase it appeared feasibse to incorporate an Hal mode in the ;ame
instrument, thereby partially covering at icast one additional requirencat. Optioas for satisfying
the requirements for EUV moaitoring are discussed in Section 11.1.3.27.

Mectings were held with several Principal Investigator groups to discuss instrumenial techniques
for satisfying the requirements for solar observations on GOES-N. From those meetings,
spacecraft resource requirements -vere estimated for cach dight instrument, and mcorporated in the
appropria‘c spacecraft modcls.

11.1.3 Survey Resuits

11.13.1 Payload Complements

Table 11.1-3 shows the SEM payload carried oa GOES I-M, the baseline spacecift system for
the purpose of this study. Note that although the SXI is included, it will not be flowr untl late in
the GOES 1-M program. The payload included in the Option 1 modcl a< shown in

Table 11.1.3-2 is modified from the baseline by the inclusion of a modified EPS to provide the
additional data channels identified by NOAA as core requirements for GOES-N. Although the
LPS was identified by NOAA as an optional requirement, its demands oa the os erall spacecraft
are so modest that it has also been included in the Optioa 1 model.

Since no enhancements of the SEM pavload were added in ccastructing the Opticn 11 spacecraft
model, Table 11.1.3-2 reflects the SEM payload for Optior: II as well. It should be noted
however that the spacecraft model for payload accommodations in Option I docs include
provision for a solar pointing platform capable of accommodating the SVM. Adudition of that
instrument to Option I is therefore relatively straightforward, civen adequate weight and power
rmargins.

Table 11.1.3-3 shows the configuration for the SEM moc:led in the option [l spacecraft. The
SVM/Hal and the Radio Beacon have becn added. With Option 11, all of the requirements of the
“Guidciines™ have been addressed to some extent with the exception of the Solar EUV Monitos.
Possibilities for addressing this requirement are discussed in Section 11.1.3.2.7 and in

Appendix €
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11.1.3.2 Pcrformance lssucs

11.1.3.2.1 Magnactometes

Requircments for the magactometer as listed in Table 11.1-1 are anchanged from the specified
capability of GOES 1-M. It is assumed that the instrument flown there will be acoeptable for
GOES-N as well. However, the GOES I-M flight magnctometers have had some difficulty with
stability of seasitivity and 2cr0 offset, and have not been delivered o the spacecraft as of this
writing. Of particular concem b= heen an obscrved susceptibility to zero shift after exposure to
low and moderatc perming fictds. The snlution at the correat time is deperming of the seasors at
the launch base. However, a more permaneat solution of reducing or removing the susceptibility
is recomm™ended for GOES-N.

It is noted that the quality of the data retumed by the magnetometes on past and curreat GOES
spaccuiail has been limited more by the magnetic deanliness of the spacecraft than by the
performance of wie instrument. On the GOES I-M spacecraft, where the proposed six meter
magnetomet~r boom has been reduced to three meters, very careful calibration of and correction
for the magnetic signature of the lorquing ccils flown as part of the attitude contyol system will be
required if the ov-rall performance objectives are to be met. Qther sources of interference are
expected to be significant as well, and some may also require correction, such as the XRS
signature generaied as the solar amray rctates with respect to the magnetometer.  For GOES-N,
which will have undoubtedly more sources of magnetic interference, attempts should be made to
reduce the signature of as many sources as possibie, cither by 2 more stringent magnetic coatrol
plan or by returning to the coacept of a longer boom.

The Option 11 and Option 111 spacecraft attitude control system proposed frr GOES-N eliminates
the solar sail in order to improve the performance of the carth viewing instruments’ passive
radiation coolers. Depending on magnetic torquing ‘o compensate for the deleted solar sail
resuited in required magnetometsr booms as long as nine meters, and cven then objectionable
magnetic signatures would have been difficult to deal with. Partly for this reason, the Option 1
and !l spacecraft abandon magnetic torquing in favor of reaction wheel unloading by thrusier
activity. The spacecraft model includes a six uscter magnetometer bcom. At six meters, and with
no magnetic torquing, the magneciometer data on GOES~N should be free of spacecrain ficld
contamination for the first ime in any GOES spacecraft. In order to avoid problems with
multiple boom segment deployment and stability, Astromast sty;e booms are recommended.

When !ong deployable booms are used one must also be concemeri with the stability of the frame
of reference for the magnetometer and with the dynamics of the flexible spacecraft structure.
These aspects have not been treated within the scope of this survey, and should be addressed as
carly as possible in future activity.

11.1.3.2.2 X-Rav Sensor (XRS)
The requirements for the total disk XRS are also unchanged from GOES 1-M. and the instrument
used there is also expected o meet those requirements However the adaptation of the 1on

chamber detector, which has been used since the inception of the SMS/GOES program. to the
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three axis stabilized GOES 1-M has not been flight proven.  This adaptation requires a different
approach o the removal of the contamination of the measurement by the background ambicat
encrgetic particie population. Performance of the XRS for GOES~-N must be revisited after
dcemonstration of in~-flight performance for GOES-1.

The XRS will also be impacted by the additional solar viewing instruments on GOES-N. The
concept developed for the Optioa | and Option [l spacecraft depends on boresighting the XRS and
the SXI. Provision can be made for offsct pointing to correct bias between the instruments and
the high-accuracy sua semsor used for coatrol of the solar pointing platform, and 0 cnable offset
pointing of the SXI for coronal imaging However, with this concept, the small FOV of the XRS
will result in compromising its ¢ : during periods of offsct pointing. For the Optioa 11
spacecraft, the problem is compounded. The SVM coacept utilizes a very limited range

(< larcmin) compensation for jitter and minor offset by cither an articulated scooadary mirror (for
a Casscgrain telescope design) or a scparate image motion compensation mimror (for the case of a
refractive telescope design). All instrumects maust still be boresighted to high accuracy in ground
test. This concept results in compromising the Solar Magnetograph operation as well as the XRS
during periods of SXI offset pointing.

Fortunately, there is no requiremeat for loag term continuous moaitoring of the solar corona. The
Option 11 and Option III attitude coatrol system concept, with its on-board seasing and correction
of spacecraft motion, should allow stepping the solar pointing platform by the required 16 or
32arcmin to allow the image of the solar corona to be generated, followed by an immediate return
o0 the solar disc moaitoring mode. The impact 1o the XRS and the SVM should be negligible.
However, the dynamic respoase of a flexible spacecraft model to this stimulus has not been
modeled, nor has the stability of the sysiem, cven in the absence of such stimuli. Such a stability
analysis should be conducted before Phase~B tegins.

11.13.23 Solar X-Ray Imager (SXI)

The SXI is a transitional instrument in that it will be incorporated in tne GOES 1-M program late
in the series. As of this date, it is the oaly approved GOES 1-M payload item which remains to
be developed (The LMS is a likely additional payload item in this category). In summary, the
SXI development is quite advanced relative to the other enhancemeants to the SEM because it has
long been the highest priority item for enhancement of the SEM capabilities. NOAA's SEL and
the NASA MSFC jountly carried out a feasibility study and brassboard demonstration starting in
1979 (Cessna, et al.,, 1983) for an instrument to be carried aboard a spinning spacecraft such as
those used through the GOES-~7 spacecraft currcatly in operation. Proposals for incorporation of
the instrument on the GOES-7 series (GOES G-H) were solicited from the spacecraft coantractor.
but funding limitations prevented its incorporation at that ime. The SXI was the first candidate
for growth on the current GOES 1-M development progr.m and was the subjewt of an
accommodation study carried out by the spacecraft contractor soon after contract award (Space
Systems/Loral, 1985). The study led to the tncorporation of several features in the spacecraft
design to facilitate the eventual flight of the SXI. The accommodation study included the
solicitation 1n 1984 of proposals for the instrument development, and the proposals were amended
in 19835 1o reflect desired improvements i instrumemt performance. A Memorandum of
Agreenment exists between NOAA and the USAF under which NOAA s to fly one or more SXI
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on the GOES 1-M program, with USAF funding. Thc GOES progect at GSFC has beea dirccted
to impicment this agiecment, and plans arc currcatly underway to update the accommodation
study and proceed with a coatractual arrangement to incorporate the instrument late in the GOES
I-M scrics.

The technical issucs which remain of coacern are the choice of detectors to be used in the
instrument, the quality of the X-ray grazing incidence mirror, and the dimensional stability of the
telescope metering structure.  There are scveral candidates for a detector aray, all of which
involve some level of development. An X-ray imaging mimror of excelent quality, albeit
different collecting arca and focal length, has been fabricated and demoastrated as part of the
Solar X-ray Telescope (SXT) development for the Solar~-A spacecraft, giving coanfidence that this
issuc is technically manageable. Techniques are available for building dimensionally stable
metering structures, but they may involve exotic materials and processes. In shost, the SXI is a
very realizable instrument, but these technical issucs must be addressed with the best engineering
practice if problems are to be avoided.

11.1324 Energetic Particles Seasor (CPS)

The EPS requiremeats listed in the "Guidelines™ add significant new coverage to the energy
ranges and particic types monitored on GOES I-M. The additional information oa heavy ioas can
be obtained by mod:fication of the existing GOES-1 EPS package, and coverage of protons and
clectrons down to the 30keV range (given as a core requirement) can be obtained through the
recommended approach of adding the TIROS MEPED telescope to the EPS package, as has been
dooc in spacecraft Opt.ons I, II, and [II. However, there remain some areas where the instrument
package proposed docs not fullv satisfy requirements.

First, coverage of alpha particles down to 30keV/n is not provided. A ncw time-of-flight type of
seasor would be required to separate the alpba particles from protons. Such seasors can be built,
but are state-of-the-art designs, and were not addressed by this <tudy in time to be incorporated
in the spacecraft models. Further review of availability and performance of these instruments
needs to be accomplished in the next phase of the GOES-N activity. The GOES-1 EPS oaly
provides alpha particle coverage down to 0.8MeV/n.

Sccondly, discussions with SEL scientists during the study revealed a requirement for fairly
detailed pitch angle distribution for protons and electrons below approximately 100keV. This
prompted the use of a more complex instrument than might have otherwise been used for the
LPS, to meet an “optional” requirement for monitoring clectrons and protons up to 30keV. The
LPS provides very good "quasi”-threc dimensional coverage in this energy range. The MEPED,
which is included to provide coverage above 30keV, only has two defined directions. The rather
broad acceptance angle of the MEPED insurcs the integrity of the mcasurement, i.c., there are no
broad directional components of the population. which are not sampled by the instrument, but the
pitch angle resolution obtained is correspondingly coarse. This issuc should be revisited by
NOAA o clanfy the requirements for spatial resolution ip this cnergy regime.



11.1.3.25 Solar Vector Magnctograpi/Ha Imager (SVM/Hal)

No flight proven prototype for a SVM exists. Al least three instrument groups have been active
in fhght prosects and proposals for remote sensing of solar magnetic ficlds. They arc the group
hcaded by Dr. David Rust at Johns Hopkins University APL, the group uader Dr. Mona Hagyard
at NASA MSFC, and the group headed by Dr. Alan Title, at the LPARL. Al three have also
been involved in ground based magnetographs, as have been a number of other exclusively
ground based observers. In the course of this study, we have coasulted with cach of these three
groups. Of particular interest is Dr. Hagyard's pre Phase-A study for a magne:ograph for the
SAMEX (Solar Activity Mcasurcment Experiments) mission (Hagyard, 1988). This excellent
treatisc addresses most of the technical conceras and poteatial problem areas assncialed with
development of a spacebome magnctograph although the 0.5arcsec resolution required for
SAMEX results in an instrumeat much too large for GOES.

The magnetograph is by far the most technically challenging of the enhancements under
consideratioa for the GOES-N SEM. Several design requirements involve technical requirements
at the state-of-the—-art for optical system design. These all need to be addressed as part of a full
study for thc magnetogiaph. The scope of these issues is such that substantial involvement of one
or more of the experienced groups will be required to realize a space-bome magnetograph for
GOES.

First, remote sensing of magnetic fields at the photosphere of the sun requires determination with
very bigh sensitivity of the state of polarization of the light received by the sensor . This means

that the incidental polarization introduced by the instrument must be nearly zerc, placing stringent
requirements on optical system design, materials, and optical coatings.

Secondly, achieving the required seasitivity with state of the art detectors requires processing of
multiple images, which must, therefore, be co-registered to better than the larcsec pixel size
desired.  The accurate co-registration must be maintained over the 5 minute period or so required
to obuain the required sensitivity. This requirement can only be met by very precise servo control
of the platform o; by correlation tracking of the solar image from frame to frame.

All measurements must be taken within the spectral bandwidth of the magnetically sensitive
resonance line, whicl. requires realization of very narrow spectral bandwidth filters in the
measurement instrument. A number of alternative approaches have been proposed, some of which
have been flight and/or ground proven, and others more developmental. A more detailed study
should be conducted to select the best cost/risk/performance altemnative. Finally, realization of the
Hal requirements in the same package requires this narrow-band sensing performance in multiple
spectral bands.

Information incorporated in the spacccraft models for the SVM, as in Table 11.1-5, was based on
scaling down a ground bascd prototype carly in the study. Dr. Title has looked at the
modifications required to his MDI instrument for the SOHO spacecraft to convert it to an SVM
(As onginally proposed, rthe instrument had a full vector magnetograph mode). A more thorough
madcling of the optics and clectronics associated with the SVM for GOES (which does not
require all of the optics and clectronics included in MDI) must be done before committing to a
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system design with the weights allocated as in the spacecraft model. One of the major system
concerns, as meationcd in Section 11.1.3.2.2 above, is the interaction of the augmented solar
pointing platform with the spacec:aft control system, cach with its respective stringent stability
rcquircments.  This interaction is to a large extent driven by the weight carried on the solar
platform. Note that the concains about instrument boresighting discussed in Scction 11.1.3.2.2 are
of even greater concern to the magnetograph.

11.1.3.26 Radio Beacon Mcasurement of Total Elcctron Content (TEC)

This measurement technique is intended to monitor the TEC aloag the line of sight between the
spacecraft and onc of scveral ground stations by measuring the differential group delay between a
code sequence transmitted at two frequencies in the VHF/UHF radio bands. In the past, similar
data has been retrieved from the Faraday rotation of linearly polarized signals of opportunity from
a number of different spacecraft transmitting at these frequencies. These signals of opportunity
have become quite sparse in recent years, and for this reason there has been interest in providing
dedicated beacons on a operatiocal basis. In addition the quality of the data retrieved through the
code modulation technique would be considerably improved over the carlier Faraday rotation
analysis.

The spacecraft resources requirements listed; ip the tables for the radio beacon are very
conservative since they are derived from proposals for implemeantation on the carlier spinning
GOES spacecraft, where multiple spinning whip antennas at VHF and a triplexer modification to
feed the UHF signal through the despin bearing assembly to a despun sleeve dipole antenna were
required. The implementation oa a three axis stabilized spacecraft is obviously much simpler.

NOAA SEL has reported that the USAF has already implemented a capability for TEC monitoring
through the GPS where ionospheric corrections ase needed for propagation delay cormrection.

Since the large number of spacecraft in the GPS program provide much better coverage than
could ever be achieved on GOES, this development has resulted in some reduction in priority for
the Radio Beacon on GOES-N, notwithstanding that it can be implemented on GOES at modest
cost. If it is determined that the capability should be included in GOES-N, the RF equipment and
spacecraft resources required should be refined and the ground system support requircments
reviewed as part of the Phase-B effort.

11.1.3.2.7 Solar Extreme Ultraviolet (EUV) Monitor

Since the solar pointing platform was not sized to include a solar EUV monitor in addition to the
SVM/Hal, this instrument does not appear in the tables defining the spacecraft options. The
decision to accommodate the SVM/Hal was, however, arbitrary, and not bascd on any stated
NOAA priority. The EUV monitor is addressed on the assumption that it might replace the
SVM/Hal. Discussions with SEL personnel resulted in a statcment of requirements that included
spectral coverage from 100 to 1700A with a spectral resolution of 1A, defined dynamic rangg,
absuiute calibration to better than 5% in flight, and obscrving frequency of at least one spectrum
every 30 minute.
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The dniving requirem=at for the EUV instrument is absoiute accuracy. EUV radiometers arc
notoriously susceptibie to coatamination cffects which have in some instances reduced signal
throughput by orders of magnitude. Proven in-flight calibration sources have not been achicved
at reasonable powes, weight, and sci.ability. Since e Jcgradation cffects arc nommally spectrally
sclective, a truly satisfactory source must cover the spectral bandwidth of interest. Some types of
detectors, which must often operate without protective windows in order to achieve usable
sensitivity, have inherent stability problems. The overall experience indicates that strict
ocatamination control will be required to maintain uscabie sensitivity, and that extemal calibration
must be provided to have confidence in the measured spectral flux. It is not likely that the 5%
level can be achieved without an extensive development program for in-flight calibratica sources.

Two options for addressing the broad requiremeats are, based oa discussions with Dr. Thomas
Woods of the University of Colorado, and with Drs. Smith and Parkinson at the Smithsonian
Center for Astrophysics. The indicatioa is that a multiple seasor package can be defined which
would be compatible with the weight and volume available as a replacement for the SVM/Hal.
An exteasive development program for in-flight calibration would be necessary to approach the
5% calibration sequircement, and no fallback position to provide partial recovery of the SVM/Hal
is appareat.

In view of the lack of confidence in achieving the required absolute accuracy, it is recommended
that the EUV requirement for GOES~N be addressed by a single small grazing incidence
spectrograph covering the spectral range from perhaps 100 to 1200A. This instrument could be
developed to fly "piggy~back™ on one of the instruments, much as the small XRS flies “piggy—
back” on the other. A combination of stellar calibration and sounding rocket under-flights woald
be used to maintain the absolute accuracy. Dr. Woods believes that +20% should be achievable.
By this approach, useful data could be obtained oo GOES-N whereas no direct data at all is
otherwise available. In the meantime, a program should be undertaken to develop small, low
power, reliable in-flight calibration sources to enable improving the absolute accuracy of EUV
measurements to the =5% desired.

11.1.4 Summary

The results of this survey indicate that given a spacecraft concept along the lines of that outlined
in Option III model and the development of the small EUV spectrograph proposed above, all of
the requirements of the "Guidelines” for the Space Environment Monitor on GOES~N can be
addressed to some extent. It has not been within the scope of this survey to develop a detailed
performance analysis. Substantial additional analysis is neccssary to predict quantitative
performance expectations for the instrument concepts in such areas as (1) the sensitivity, spectral
resoiuiidn, total spectral range and calibration accuracy of the EUV spectrometer; (2) sensitivity,
MTF, signal processing analysis and algorithm validity analysis for remotely sensed solar
magnetic fields (and Ha images) for the SVM/Hal; (3) atomic number and energy band
discrimination capability and contamination analysis for the Jesired heavy ion analysis in the EPS;
and (4) detailed optical performance analvsis and detector performance and reliability trade off for
the SXI. In most arcas, however, the desired performance levels are comparable to or less than
that achicved by or specified for the prototype instruments which have been surveyed. A notable
exception is the absolute calibration accuracy of the solar EU'V monitor.
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11.1.5 Rcecovmmendations

11.1.5.1 Magnctometer

1.

2

Coatinuc with the development of the Optioa I1/Option 11l Spacecraft ACS to climinate
magnctic lorquing as a source of interference.

Include a 6 meter Astromast style deployable boom in a Phase-A/B flexible-body stability
analysis to verify the compatibility with pointing stability requirements for both the
magnetometer and the carth viewing instruments.

If it is shown neccessary fo use a boom shorter than 6 melers, stringent magnetic control
and acceptance test requirements must be placed on all spacecraft subsystems.

Boom and seasor packages must be acceptance tested separately in a sero field test facility
(including post perm/deper: tests) to verify the magnetic stability of the sensor assembly.
The spacecraft level zcro ficld magnetic test requirement should be restored, at least for
the qualification spacecraft test.

A solution should be found to the obscrved susceptibility of the GOES-I insugment to
perming in low to moderate ficlds.

11.1.52 X-Ray Sensor (XRS)

L
2

Coafirm in-flight performance expectatioes on GOES-1.
Develop concepts for boresighting the XRS to other solar observing instruments.

11.1.5.3 Solar X-Ray Imager (SXI)

1.
2

3.

4.
5.
6

Perform an SXI detector rade—off study to identify the preferred approach.

Prepare specification for the SXI grazing incidence mirror and obtain cost/schedule quotes
from potential suppliers.

Perform preliminary SXI thermalstructural dcsign and matenals sclection for metening
structure and evaluate thermal effects ou optical system performance.

Perform preliminary SXI data processing electronics design and update power estimates.
Update SXI mass estimates.

Compete GOES~N units to industry and GFE to the spacecraft contractor.

111.54 Energetic Particles Sensor (EPS)

L

2.

Perform EPS energy deposition analysis in the curreat tclescope/dome/HEPAD to coafirm
logic, thresholds and energy/atomic number separation performance for the Z=3 channcls.
Study a scparate time-ot-flight EPS sensor to monitor alpha particle flux for 30keV/n to
800keV/n alpha particles.

Compete GOES-N alpha particle flux monitor to industry and GFE to the spacecraft
contracter.
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11.1.5.5 Solar Vector Magnctograph (SVM)

1. Perform full study for SVM

Prepare preliminary perfe.mance specification

Systemn definition tradecoffs (light collection, polarimcter, image stabilizer, filters,
detectors).

Optical system layout and packaging.

Preliminary signal processing requirements definition.

Prcliminary electronics design.

Preliminary Interface Specification.

Make or buy decision.

2 Build GOES-N units in-house or competc via Phase-B/C/D to industry, and GFE to
spacecsaft coatractor.

11.1.5.6 Solar Extreme Ultraviolet (EUV) Spectrometer
1. Peiform full study for a small, grazing incidence spectrograph.

Preliminary design and performance analysis.
Optical system layout.

Preliminary data processing and electronics design.
Preliminary interface specification

Compete to industry and GFE to spacecraft contractor.
Undertake a program to develop space qualified, low power, broadband, reliable EUV
calibration sources.

REN

11.1.5.7 Solar Pointing Platform (SPP}

1 Preliminary electromechanical and structural SPP design.

2. Preliminary stability and pointing performance analysis for both earth and solar viewing
instrument platforms.

3. Preliminary interface specification.
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TABLE 11.L.1-1A
GOES-N CANDIDATE INSTRUMENTS - SEM

£ 30keV t0 4 McV

0.5 SEC

~400 TO

FULL-DISK X-RAY

£ 3sec

GOES I-M

LOCAL PLASMA

< 3 sec @ channel

EUV 05 TO 1.0 hr. TBD

SPECTROMETER for scveral lines in 1-
2000 range

SOLAR 10 minute ~03003T |2x10*. | Multiple wavelcagth

MAGNETOGRAPH (heights) desirable.
Accuracy set by
technological limits ‘

H« IMAGER < 60 sec TBD 1x10° Linc—ceater and
continuum

|4
RADIO BEACON N/A N/A 1 Continuously broadcast

two frequencics in 100~
400 MHz range; total
power 1 W
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TABLE 11.1.1-1B

GOES-N CANDIDATE INSTRUMENTS - SEM

" . MEASURES FOV RESOI.UTION :
S B SPECTRAL | SPATIAL

ENERGETIC 30keV to 700McV/E p _— 3 chanacls/ —
PARTICLE SENSOR | and Alpha < 30keV to decade

4McV > 3 particlc

fluence
MAGNETOMETER Ambient vector ficld — . —_ 1
FULL-DISK X~RAY | 0.5-4 and 1-8A solar wD* 05-4A band WD

brightness
SOLAR X-RAY X-ray images 2ISRT TBD 5x5 ascsec,
IMAGER
LOCAL PLASMA Charged particle flux —_— ~ 15 channels TBD l
EUV Average EUV WD TBD WD H
SPECTROMETER brightoess
SOLAR Solar vector magnetic WD+ TBD 2x2 arcsec
MAGNETOGRAPH ficld
Hx [MAGER He images wD* 0.5A 1x1 arcsec
RADIO BEACON N/A N/A N/A N/A

WD = WHOLE DISK

* = FOV MIGHT BE SMALLER THAN WHOLE DISK
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TABLE 11.1.3-1

SPACE ENVIRONMENT MONITOR COMPLEMENT - BASELINE

=]

¥

l " INSTRUMENT " - MASS - POWER TELEMETRY
(K5) (WATTS) (KBPS)
I MAGNETOMETER 59 37 0.096
}ENERGEI‘!C PARTICLES SENSOR 96 10.8 0.032
SOLAR X-RAY SENSOR 5.1 24 0.040
l SOLAR X-RAY IMAGER 12.6 10.0 100.0*
! TOTALS 332 26.9 1002

PRIME TELEMETRY FOR THE SOLAR X-RAY IMAGER IS VIA THE MULTI-USE
DATA LINK. HOUSEKEEPING AT LOW DATA RATE WILL BE VIA PCM

TELEMETRY

TABLE 11.1L.3-2

SPACE ENVIRONMENT MONITOR COMPLEMENT - OPTIONS I AND I

Y

~ INSTRUMENT MASS POWER TELEMETRY
‘ - (XG) (WATTS) (KorS)
MAGNETOMETER 59 3.7 0.095
ENERGETIC PARTICLES SENSOR 15.2 108 0.032
SOLAR X-RAY SENSOR 5.1 24 0.)
SOLAR X-RAY IMAGER 12.6 10.0 100.0°
LOCAL PLASMA SENSOR 6.4 3.5 32.0°
TOTALS 452 36.4 132.2

PRIME TELEMETRY FOR THE SOLAR X-RAY IMAGER AND LOCAL PLASMA
SENSOR IS VIA THE MULTI-USE DATA LINK. HOi SEKEEPING AT LOW DATA
RATE WILL BE VIA PCM TELEMETRY
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TABLE 11.1.3-3
SPACE ENVIRONMENT MONITOR COMPLEMENT - OFTION IlI

. INSTRUMENT . MASS POWER TELEMETRY
e -(KG) . (WATTS) (KBFS)
MAGNETOMETER 59 37 0.096
ENERGETIC PARTICLES SENSOR 152 168 0032
SOLAR X-RAY SENSOR 51 24 0.040
SOLAR X-RAY IMAGER 126 100 100.0°
LOCAL PLASMA SENSOR 64 35 320°
SOLAR MAGNETOGRAPH/Ha 20 500 150.0°
RADIO BEACON 32 600 20000°°
I TOTALS N 7(!.4 . _ 14_6.4 2282.1

L 14

PRIME TELEMETRY FOR THE SOLAR MAGNETOGRAFPH, SOLAR X-RAY
IMAGER, AND LOCAL PLASMA SENSOR IS VIA THE MULTI-USE DATA LINK.
HOUSEKEEPING AT LOW DATA RATE WILL BE VIA PCM TELEMETRY

TELEMETRY FOR THE RADIO BEACON IS VIA DEDICATED VHF/UHF LINKS.
HOUSEKEEPING AT LOW DATA RATE IS VIA PCM TELEMETRY
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11.2  Scarch and Rescuc Survey
11.2.1 Survey Requirements

The S&R system swvey requirements were twofold. Onc was 0 determine the feasibility of carth
locating 406MHz distress beacon signals from geosyachronous orbit to an accuracy of 20k or,
altemuatively, determine what position location accuracies are feasible. The scoond requirement
was to define requirements for impicmenting an operational 406MHz S&R ground system,
including interfaces with the USMCC.

1122 Technical Approach

The project studied the results of experiments ooaducted with the 406MHz system installed oa the
GOES-7 spacecraft and NASA work being dooc on position location from geosynchroaous orbit.
In additios, the survey team coulacted SSAL, Inc. persoanc] respoasible for maintaining the
USMCC database (o determine the state of planning for incorporation of the 406MHz receive
system into the operational S&R system. The project also performed its own independent analysis
of achicvaui= position Jocation accuracics and proposed an altemative design

1123 Survey Results

Survey findings were that Canada already uses GOES-7 406MHz distress beacon data
operationally aad that plans exist for incorporating the 406MHz system into the operational S&R
system in the GOES-I timeframe. Consequently, the project decided that there was no need
continuc the ground system requirements definition effort. The remaining survey effort was
devoted to analysis of position location. The following paragraphs describe the status of the S&R
system aad the analysis efforts accomplished during the survey.

11.2.3.1 Search and Rescue System Background

The 406MHz S&R system design uses a digital format in which a user identification is embedded.
An extended format has also been proposed that would permit the addition of coordinate
information derived from a navigation system on board the vehicle carrying the distress beacon
transponder. An actively transmitting distress beacon repeats its message every 50 seconds,
transmitting at 2400bps.

The initial experiments at NASA (as well as Canada and France) using the GOES-7 spacecraft
were successful in proving the technical feasibility of the geosynchronous S&R system. These
experiments ceantered on detecting distress beacon signals and included demodulation of received
signals. A scoond scries of experiments, hampered by the loss of the GOES test facility at GSFC.
ts to include decoding of information carried by the beacon signals.

Currently, the S&R system relics on low carth orbiting satcllites for the relay o!f distress beacon
signals and to provide position information based on frequency shift due to the movement of the
spacecraft relative to the distress beacon (Doppler frequency shift). The system fimatation s that a
distress beacon could be active for several hours before a COSPAS/SARSAT flvby, A
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geosynchronous spacecraft, on the other hand, would deteat | transmitting distress beacon
within its foolpriat in a matter of minutes. Uscr ideatification embedded in the transmission
would provide some information that might help in pinpointing an arca where the distress beacon
was activated. But without a position location capability (or coordinate data derived from a
mavigation sysicm), determining the distress beacon's position would still require a
COOSPAS/SARSAT flyby.

Therein lies the desire 10 provide a location capability on geosynchronous spacecraft. However,
the zero clevation angle for geosynchronous spacecraft occurs at about 80 degree latitude,
meaning that polar coverage cannot be provided. Three geosynchronous spacecraft will provide
worldwide equatorial coverage, but on the order of six spacecraft would be needed for adequate
coverage at latitudes above 60 degrees. An altemative to using geosynchronous spacecraft is to
deploy a constellation of low earth orbit COSPAS/SARSAT spacecraft to provide more frequent
ocoverage. Another, but less desirable, alternative is to require that vehi_les carry aavigation
systems 0 provide coordinate data in the distress sigpal.

11232 Position Location System Accuracy

An interferometer was proposed for use on geosynchronous spacecraft. NASA Technical Report
2907, Geostationary Position Location Alternatives for 406 MHz Distress Beacons, dated March
1, 1990, describes an interferometer requiring two orthogonal booms about ten meters in leagth,
cach with two anteanas to receive distress beacon signals. An associated dlectronics package
would compute the difference in phase between the signals received by the various antennas. The
phase information would be downlinked to the S&R system receive station on the ground for
computation of the position of the transmitting distress beacon and distribution of the position
information to the USMCC. The interferometer described in the report would provide a position
location uncertaint: of about 50km at the subsatellite point, with the uncertainty increasing with
latitude. However, by averaging phase difference information over multiple distress beacon
message transmissions, the position uncertainty can be reduced by the square root of the number
of messages over whick the measurement is made.

A follow—on NASA study, GOES-N Search & Rescue Interferometer Feasibility Study, dated
January 14, 1991, investigated the feasibility of implementing an interferometer on the GOES-N
spacecraft.  Figure 11.2-1, taken from this reporst, shows a conceptual implemeatation of this
interferometer on a GOES-I bus. Quoting from the onaclusions drawn from that study, *... zero
moucatum active ACS for GOES-N can accommodate the necessary appendages for the S&R
interfcrometer. There do not seem (o be any major show stoppers that would prevent the S&R
Interferomcter implementation on the GOES-N with the active ACS option [Optioa Il and 111
spacecraft]. This does not imply that it is casy to do. A conclusion that may be drawn from this
study is that the GOES-N mission s alrcady a very difficult and challenging oac, and the
addition of the S&R interferometers docs not add substantially to this challenge. Further study is
needed o refine the .ystem paramecters and spacccraft impacts in tcrms of power, size, weight,
and antenna/Astromast stowage configuration...”
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11.2.3.3 Alicmative Interferometes Impicmentation

At the secoad study quarterly review, it was stated that a S&R interferometer implementation
would not be included in any of the GOES-N spanccraft optioes Sing analyzed.  The pancipa
rcason for this decision revolved around the ncgative impacts that the loag booms would have oa
image navigation and registration performance, which were already below required performance.
An interferometer had ot been coasidered in any of the attitude coatrol syst.m studics that had
been funded. Given that the feasibility study did not become available uvatil 1991, these were no
data available from which to cvaluate the impacts on the cosuol system.

As a resuil of discussions at the third quasterly review, a S&R interferometer was incorporated
into what was to be an additional spacecraft option (Option HIA) to be studied after the
GOES-N study was completed. As a result of that agreement, the project team conducted an
indcpendent analysis of the position location problem and developed an altemative configuration
that did not require the long Astromast booms. Figurc 11.2-2 shows a conceptual impicmentation
of this altemative interferometer using GOES-1 UHF antennas.

The output of an interferometer is a phase differeace measurement between the signals received
by the interferometer antennas. For accuracy, a loang baseline between antennas is desirable.
Howevey, if the bascline length is such that the phase difference between received signals can
exceed 2x radians (360 degrees), measurements will be ambiguous; that is, a phase difference
measurement of 370 degrees is the same as a 10 degree phase difference. Therefore, a short
baseline is also required to resolve the ambiguity. Therein lics the nced for multiple anteonas.
For the interferometer shown in Figure 11.2-2, the short diagonal provides an eight—foot bascline
for ambiguity resolution, and the longer, 12.8-foot basclinc provides a position uncertainty of
67.7km a nadir, assuming that the phase measurement errodjitter is about 0.01 radians 1o. The
position uncertainty can be reduced by averaging over multiple distress beacon transmissioas, as
statorl carlier.

1124 Spacecraft Impacts

The principal impacts of an interferometer on the spasccraft are the increased spacecraft inertia,
particularly if long booms are used, and dynamic interactions caused by thermal bending and
flexible body dynamics of booms and antennas. In addition, there is the problem of
accommodation of the structures oc the spacecraft and within the launch vehicle fairing. The
weight and power estimates given for the Astromast interferometer implementation were 35kg and
35W of prime power.

11.25 Ground System Impacts
The addition of an interferometer on the GOES-N spacecraft would have no impact on the GOES

ground system. The impact to the S&R ground nctwork wou!: primarily be the aced for
addiuonal processing power for position computations.
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11.2.6 Coaclusions and Recommendations

The feasibility of thc 406MHz S&F system has been adequately proved. The usc of
intcrfcrometers for determining the location of distress beacons from geosynchronous orbit, on the
other hand, has not beea tested. The conceptual studics performed to date indicate that the
technique should work, and that more study and a flight experiment are warranted. The project
belicves, however, that the GOES program, with its stringent pointing and stability requircmeats,
is not the appropriate vehicle for this research. Furthermore, before proceeding with additional
development of an interferometer, a tradeoff analysis should be performed to determine whether
or pot a coastellation of small, dedicated, low carth orbiting satcllites would not be a more
cconomical solution.

113 WEFAX

113.1 Survey Requirements

The study requiremcats were to detcrmine the impacts on the spacecraft, the ground system, and
WEFAX receive stations of adding three channcls in the WEFAX band to the existing analog
channel. The new channels are a sccond analog WEFAX channel, a digital WEFAX channel
operating at 19.2kbps, and a 50kbps data channel (termed the NOAA Port). An additional
requirement was to determine the impacts to the spacecraft of operation during eclipse periods.

11.3.2 Technical Approach

The study team's initial approach ‘o the survey was to interview NOAA WEFAX experts to
vaiidate the requiremeats and discuss the makeup of the WEFAX service during the GOES-N
time-frame. The next step was to develop altemative spacecraft configurations to provide the
additional channels. Link budgets from the GOES-I predicted perfermance were developed to
determine spacecraft and CDA facility EIRP requiremeats. In tum, these EIRP's were used to
estimate weight and prime power requirements for the new channels for input tc the RAO cost
model. Because of the lack of weight margin oa the Option | baseline spacecraft platform, the
additional channels and eclipse operation were included oaly in Options Il and Iil. A single
analog channel was used for Option L

11.3.3 Summary of Survey Results

NOAA personnel interviewed during this survey were C. Staton (Chief, Data Collection and
Direct Broadcast Branch, NOAA/NESDIS) and J. Green (WEFAX Coordinator, NOAA/NESDIS).
One of the discussion topics was analog versus digital WEFAX. The push worldwide is to phasc
out analog WEFAX in favor of digital WEFAX, with the late 1990's as a target for NOAA. The
sccond analog WEFAX channel therefore, appears to be a weak requirement for the GOES-N
time-frame. NOAA should rccxamine this requirement. Another topic of discussion was the
NOAA Port channel. The usc of the term NOAA punt for the 50kbps data channel causcd
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confusion with the planned AWIPS NOAA Port channcl. In fact, the purpose of the 50kbps
chanael is to brozdcast DCS platform responsc data from the CDA 1o DCS users and also to
distribute some NOAA weather products. This channc! will replace a DOMSAT scrvice Icased by
NOAA 1o upgrade the dial-up service currently in usc.

During the course of the final study preseatation to NOAA, a2 comment was made indicating that
the requircment for operation through eclipse may be very weak. NOAA should give this
requircment thosough consideration because of its large impact on the spacecraft power generation
and storage system. Any reduction in eclipse operation will result in spacecraft platform weight
and cost reduction.

11.3.4 Link Calculations

The first step in developing spacecraft configurations to satisfy the four—channe] WEFAX
requirement was (o determine the EIRP required for each channel. Link performance was
calculated for cach of the channels using predicted and worst case performance specifications for
the GOES-1 WEFAX channel. Th~ GOES-I links were used because they provide an accepted
level of sexvice to the same ground stations to be used with the GOES-N spacecraft. Table 11.3-
1 shows the GOES-~I link calculations for the Wallops CDA to spacecraft uplink and the
spacecraft to WEFAX receive station downlink. Table 1132 shows the performance of the four
chaanels given the worst case received carrier—to—-noise ratio derived from Table 113-1. Using a
transmit power of 12w (40.7dBm) per channel, the link margins range from 4.5dB for the SOkbps
channel to 8.7dB for the digital WEFAX channel. Operation of all four channels at the

same power level will simplify the design of a spacecraft configuration utilizing separate
transmitters for each channel by allowing the use of identical interchangeable transmitters. Nc -
that spacecraft transmit power could be reduced by tightening the G/T specification of the
WEFAX receive stations.

1135 Alternative Spacecraft Coanfigurations

Two spacecraft configurations were cousidered for Options I and IlI to provide the additional
three channels. One consisted of separatc power amplifiers (PA) for each channel. The other
alternative cousisted of one transmitter for all four channels. In both cases a commoa S-band
receiver is used on the spacecraft to receive the uplink signals. In its presentations - the study
team, HAC favored the separate transmitters approach while LAS favored the single transmitter
approach.

113.5.) Separate Transmitters

Operation of all four WEFAX channels at the same transmit power permits the usc of identical
solid state power amplificr (SSPA), with two spares as backup for the four primary PA. The usc
of separate P/ is the most flexible from the standpoint of eclipsc operations, because individual
channcl< can be turned on and off to conserve power In addition, intermodulation products a.c
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TABLE 11.3-1
GOES-1 WEFAX Chanael Predicted and Weorst Case Performance

(Earth Edge)

TX LINE LOSS (dB) - - 27 29

TX ANTENNA GAIN (dB) - - 172 16.5

NET EIRP (dBm) 96.7 96.7 552 543

TX ANT. POINTING LOSS (dB)’ 05 05 0 0

FREE SPACE LOSS (dB) 191.0 1910 | 1894 1894

PGLARIZATION LOSS (dB) 02 02 02 02

RX PWR REF TO ISOTROPIC (dBm) | -95.0 950 | -1344 . 353

RX ANTENNA GAN (dB) 129 11.0 - - |

RX ANTENNA LINE LOSS (dB) 15 18 - - |

RX PWR AT RECEIVER (dBm) -836 858 |- - 1

ANTENNA TEMPERATURE (K) 502 502 - - |
| RECEIVER TEMPERATURE (K) 2755 4384 |- - |

SYSTEM TEMPEPATURE (K) 395.7 5700 | - - |
' NOISE PWR AT RECEIVER | a2 1o |- -

(dBnv/Hz) |
| RX SYSTEM G/T (dB/K) -146 184 | -03 -03 |
! RX C/No (dB-Hz: 89.0 852 63.9 &0 |

* All spacecraft anteana gains and G/Ts are earth coverage so no pointing losses are taken.
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TABLE 11.3-2
Performance of WEFAX Channels with GOES-1 Channel Parameters

e e e T e
NK gERmRMANCE .n-| ANALOG | ANALOG | DIGITAL | DIGITAL

. .(Weorst Case Parameters) . .| .AM/FM .| AM/FM | 192 Kbps.| .50 Kbps
TURNAROUND C/N, (dB-Hz) 63.0 630 63.0 63.0
REQ'D FM THRESHOLD (dB) in 30 100 100 - -
KHz
RF BANDWIDTH (dB-Hz) 43 a“us - -
REQUIRED EyN, for P, = 10”° (dB) - - 115 115
(includes 2 dB implemeatation loss)
DATA RATE (dB-Hz) - - 428 47.0
REQUIRED C/N, (dB) 54.8 5438 543 58.5
MARGIN (dB) 82 82 8.7 45

not 3 problem because signal combining is donc at RF after application of the signals. Although
passive intermodulation products are generated in the RF multiplexer, they are much smalier and
casier (0 climinate. A mirimum separation between carrier frequencies is needed, however,
because of the difficulty of building narrow bandpass channel filters at S-bard. Also, PA
switching increases in complexity with the number of PA, and more commands and telemetry are
needed to monitor and control all the PA. Also, the weight and volume of six separate PA will
be greater than that of a single PA plus spare. This alternative was selected for Option II because
the GOES-1 WEFAX PA design could be used directly for each of the channels, minimizing cost
and risk.

11.3.5.2 Single Transmitter

Another reason for selecting the separate transmitters approach for Option II was that it was
thought that a traveling wave tube amplifier (TWTA) would be needed to obtain tiie required
output power. When work started on the Option III weight and power requiremeats, however, it
was leamned that a 50-watt SSPA suitable for the WEFAX application is planned for use in the
Advanced TDRSS program. The project concluded that a single transmitter and spare would
weight less than the six separate PA and would take up less volume, as well as being less
complex from the standpoint of PA switching, telemetry and commanding. The RF multiplexer is
also simpler because combining filters would not be neccssary for the separate WEFAX carriers.

The single transmitter would be operated in saturated mode for inaximum power efficiency,
meaning that intermodulation products (sum and differences of the carrier freque.cies) would be
generated. The carrier frequencies would have to be sclected such that no intcrmodulation
products fall within the WEFAX channcl bandwidth, which is a simple matter for only four
narrow-band signals. Given its many advantages, the project sclected a single transmitter
approach for the Option Il cost study.
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11.3.5.3 Weight and Primc Power Estimatcs

In determining weight for the different configurations, the project used GOES-1 WEFAX
component valucs derived from the GOES Mass Properties Report, except for the Option 111
SSPA, which was based on the weight of a TDRSS S0W S-band SSPA. Prime powcer
calculations were determined using an efficiency of 25 percent for saturated SSPA. For a 12W
output per channel, this translates to about SOW of the prime power per WEFAX channel, or
about 200W total. Table 11.3-3 summarizes the weight and power requircmeats for each of the
options, with the Option | weight equal to the GOES-] as-built weights. These weight estimaies
do not include the rectivc system, which is shared with other links.

If the requirement for the second analog channel were dropped, the Option Il weight would drop
by about 30 percent (to about 14kg), assuming only one spare SSPA is provided for the three
channels. The weight of the single transmitter configuration, however, would probably not change
significantly. Prime power require.nents should drop by about 25 perceat (to 150W) for both
alternatives.

113.6 Ground Segment Impacts
113.6.1 Impacts to the Command and Data Acquisition (CDA)

The addition of three WEFAX channels would require baseband equipment at the CDA for the
transmission and reception of the new channels. Additional bandwidth would also be required

TABLE 113-3
WEFAX Mass and Prime Power

~OPTIONI | OPTION II OPTION 1I
{GOES-I) (Separate PAs) (Single PA)

MASS 6 20 12
(Kg)

POWER 50 200 200

(Watts)

between SOCC and Wallops to accommodate the data rate of the new channels. Using LAS
predicted GOES-I performance specifications, the 125W uplink transmit power allocation for

the single GOES-1 WEFAX channel will be sufficient for all four GOES~N channels. This is
because the receive S-band antenna on the GOES-I spacccraft has a G/T about 10dB better than
the specification valuc of -25dB/K. Notc that the uplink reccive carricr-to—noise ratio (Rx C/N)
in Table 11.3-1 is more than 22dB higher than thc downlink Rx C/N. This is considerably morc
than nceded. Reduction of the CDA uplink to 30W per WEFAX channel will reduce
intcrmodulation products among the WEFAX channels in the CDA transmitter.
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11.3.6.2 Impacts to WEFAX Receive Stations

WEFAX receive stations will only nced to be upgraded if they arc to reccive the new channels.
The upgrades will consist of bascband signal processing cquipment to demodulate the new signals
and a power divider to provide an output signal for each baschand channel train. Given
improvements in low noisc amplifier (LNA) and the reduced cost of these devices, it would be
beneficial to tighten receive station G/T specifications for the ncw channels. Improvements in
receive station performance could be translated into reduced spacecraft transinit power
requirements, which in tu.n implies less weight for power generation and battery capacity and
lower thermal loading oa the spacecraft. Since the S0kbps channels margin is lower than that of
tie other channels, it is important that users of this channel pay close attention to achieving the
nominal G/T or better.

11.3.7 Conclusions and Recommendations

A major Zinding of the survey was that the second analog WEFAX channel may not be needed.
NOAA should reexamine this requirement. The requirement for operation throngh eclipse should
also be reconsidered; commeants made by NOAA at the final study presentation indicated that
eclipse operation may not be a strong requirement. The removal of these requirements would
result in a reduction in the size and weight of the power generation and storage subsystems on the

spacecraft.

As noted earlier, HAC selected a separate transmitter per channel approach and LAS a single
transmitter approach. Both approaches have their merits, although it appears that the single
transmitter approach is better for four channels. If the second analog channel is dropped, the
difference between the two alternatives would be less. The project recommendation is that it
should be left to the spacecraft manufacturer to decide which approach to implement. Also
recommended is tightening the S-band receive antenna G/T specification from the GOES-I value
of -25dB/K to the GOES-I predicted value of about -15dB/K. This value appears to be easily
met with today’s curreat technology.

11.4 Data Collection System

11.4.1 Survey Requirements

The study requirements were to define options for locating interferers in the DCS response
channel bandwidth, and to study options for increasing system channel capacity and
accommodating higher data rate DCS platforms (DCPs).

11.4.2 Technical Approach

The study initial approach was to rcview DCS documentation and interview NOAA personnel.

The purpose of the interviews was (o determine the extent of interference problems within the
DCS and to lcarn about planned changes to the DCS. Concepts for locating interference
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sources and analyzed plans for providing higher DCP data rates were examined.. Based on survey
findings, changes required to the spacecraft and the ground system and the spacccraft option in
which these changes would be implemented were dctermined.

1143 Background

The DCS consists of about 8,000 DCPs that relay data to their user organizations through the
CDA facility at Wallops Island, Virginia. The DCPs share a 400kHz band consisting of 200
1.5kHz channels, of which about 80 channels are active. Originally, DCPs were polled by the
CDA v.ing the DCP Interrogation (DCPI) channel. Later DCPs were designed to transmit their
data messages on a preset schedule, climinating the need to receive the DCPI signal. Currently,
only a small number of DCPs are interrogated, and the DPCi channel is used primarily for
distributing timing information. The DCPI signal is uplinked to the GOES spacecraft at 5-band
and downlinked to the DCPs at UHF.

The DCPs uplink their messages to the spacecraft at UHF. In tumn, the spacecraft downlinks these
signals at S-band. This channel is referred to as the DCPR channel. After demodulation and
processing at the CDA, the DCP response messages are made available to users via dial-up
services and are also distributed via a DOMSAT for direct reception at user facilities.

11.4.4 Summary of Survey Results

During the survey, C. Staton (NOAA/NESDIS) and C. Settles at the CDA facility, Wallops Island,
Virginia were interviewed. Impressions derived from the discussions were that interference is not
a major problem and that when there is interferenc, the cause is usually a malfunctioning DCP
transmitting either outside its normal channel or trausmitting continuously rather than on its
assigned schedule. Concepts for locating or identifying interferers were discussed, but the
impression was that DCS users are not interested in interference prevention if the proposed
technique involves platform modifications that represent a cost to them.

With regard to higher DCP data rates, provisions have been made in the GOES-I data ingest
equipment at the CDA to accept 300bps and 1200bps DCP transmissions. The users, however,
are responsible for selecting a inodulation scheme for higher rate transmissions and providing
demodulators to NOAA to receive these higher rate channels. At present there appear to be no
major changes envisioned for the DCS in the GOES-N time-frame, except for the allowance of
two contiguous 1.5kHz channels for the 1200kbps users and perhaps an increase of 3dB in
downlink EIRP.

In the latter stages of the study, it was learned that the performance of the DCS suffers from
degradation due io adjacent channel interference and intermodulatiyn distortion. Attention should
be given to these problems to deiermine what performance improvements can be incorporated into
the GOES-N design.
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11.4.5 Conccepts for Locatiug/ldentifying Interferers

Locaiing DCS interferers from geosynchronous orbit would be a difficult undertaking, requiring
an interferometer approach similar to that which has been proposed for the S&R system. Given
what appears to be a low priority placed on locating interferers and the large effort that would be
required to implement a location scheme, it was decided not to pursue interfercnce location.

If it is true that most in‘erference is caused by malfunctioning NCPs either transmitting in an
adjacent channel due to oscillator drift or transmitting continuously, the capability to identify the
malfunctioning DCP appears 10 a feature built into the monitoring capabilities of the GOES-I
DAPS. DCS demodulators t the CDA will append signal strength, irequency (relative to channel
center), modulation index, and data quality mea-urements to the DCP messages sent to the DAPS.
Besides making the DCP messages available for retrieval/transmiscion to users, the DAPS wili
also generute reports based on the measurements appended by the demodulators ihat should hclp
to Jentify malfunctioning DCP-.

More sophistication could be buiit into the DCS by using the DCPI channel as a service channel
to command platforms off if they are malfunctioning or to switch them to a secondary channel if
their primary channel is experiencing interference problems. Telemetry data could also be
appended to the DCP response messages for use in moritoring DCP operation. Implementation of
these ideas, however, would require significant modification of the DCPs to receive the DCPI
signal, which is costly, considering the number of platforms in use.

11.4.6 Higher Data Collection Platform (DCP) Transmission Rates

As mentioned previously, a 300bps and 1290bps data ingest capability has been built into the
GOES-1 DAPS with DCS users responsible for providing demodulators for these new high rate
channels. To this end, the DCS users group contracted with the Cyberlink Corporation to study
the problem and recommend a modulation scheme. Cyberlink Corporation's repot, dn Impact

jon_Sys:em, dated February

gy o aigneé QnimisNon NIES nrougn Hi

1990, was reviewed in detail as part of this study.

In tha: seport, the authors recommended an 8-PSK, trellis-coded modulation scheme for 1200bps
transmissions through 3kHz channels. It was agreed that this modulation scheme will provide
good performance; however, two problems with Cyberlink's analysis that could change the
recommendation were found. One problem is that the adjacent channel intzrference degradation
computed by Cyberlink appears overly pessimistic; the degradation was estimated rather than
compu‘zd precisely. The other problem is that the authors of that study neglected to take into
accuunt that 8-PSK requires a 3 to 4dB greater theoretical E/N, (eaerzy per bit to noise density
ratio) than QPSK to achieve the same probability of crror performance. However, they were
conservative relative to the coding gain they claimed; so that the crror reduces to about 1.5dB.
The Cyberlink analysis should be reconsidered before making a final deci-ion on a modulation
scheme, because a less complex scheme might be adequate.  In particular, it is reccommended that
the cffects of adjacent channel interference be measued for the existing DCS to obtain a better
estimate of the degradation for use in the analysis.
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Another possible approach is that a scparate band (pcrhaps about 60kHz widc, suitable for ¢ »cnty
3kHz channels) be set aside for 1200bps DCPs, scparating them from the 100bps channe! sy :tcm.
This band could be accommodated between the WEFAX chanael (at 1691MHz) and the .. DA
tclemetry channel (at 1694MHz).

114.7 Data Collection Platform Respoesc (DCPR) Link Pcrformance

As was meationed carlier, DCPR channel performance improvemeats would be belpful in the
areas of intcrmodulation distortion and adjacent chanuel interference. Of the two, the adjacent
channci intericrence is thie mosi difficuit iv ovescome without changes to the DCPs. Reductina of
adjacent channel interference can be accomplished cither by increasing the spacing between a. uve
channels (i.c., using fewer of the available channels) or changing the modulation scheme used by
the existing DCPs to a more spectrum-efficicat technique. The former has the cffect of red icing
the number of usable channels, unless the 400kHz channel bandwidth can be increased to p: wvide
more channels, and also would require that a oumber of DCPs be modificd to operate on d._icreat
channels and the addition of demodulation at the CDA. Changing the modulation scheme would
require modification of all DCP modulators as well as the DCS demodulators at the CDA.

The DCPR channel operates in a lincar mode (backed off from saturation) to mu;imize
intermodulation products among the numerous DCP respoase signals. To reduce intermod levels
further, a carrier at saturation appropriately separated frora the DCPR signals could be introduced
into the channei. One of the effects of this strong signa: would be to suppress the weaker DCPR
signals by 6dB (i.c., the strong signal robs transmiucr power from the weak signals). More
important in this case, however, would be the effect on the intermods. Intermods around the
saturating carrier (but outside the bandwidth of the DCPR signals) would increase; but
intermodulation product among the DCPR signals would drop by about 16db. In other words, the
ratio of the level of the weaker signal to intermodulation product level would improve by about
10dB.

Orn= methoc of implementing this concept would bz to combine oae of the WEFAX channcls (at
saturation) with the DCPR band. This would have the benefits of not only reducing
intermodulation product levels in t+. OCPR band but would also eliminate the DCPR transmitter
and spare. Given the difference in power level between a WEFAX channel and the DCPR band
(54dBm for the former and a iotal of 33dBm for the latter), the effect of the DCPR channel would
be to reduce the EIRP of the WEFAX signal by about 0.3dB. The 6dB supopression of the weaker
DCPP. channel by the WEFAX signal can be handled by setting the input leve! of the DCPR
channel 15dB below the WEFAX .igrai, resuiting in a 21dB difference at the ouput cf the
transmitter. Although perhaps not donc ;0 reduce intermod levels, the DCPR transpcaders in the
GOES 1,2, and 3 spacecraft shared the siretched VISSR channcl.

11.4.8 Spacecraft and Gmund System Impacts
The GOES spacecraft acts as a "bent pipe” for DCP transmissions.  That is, the spacecraft
receives response messages uplinked from the DCPs at UHF, converts these signals to S-band,

and rctransmits them to the CDA (the DCPR link). Duc to the limited DCS changes foreseen, the
puncipal change fron the GOES-~I spacecraft configuration is a 3dB increase in DCPR downlink
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EIRP, from 150mW to 300mW, :. piovide increased margin for the higher ratc DCP channcis.
This should require very littic modification to the cxisting GOES-1 DCPR design and should be
incorpor=tced ia all three GOES-N optioas. Combining the DCPR channcl with once of the
WEFAX charnels 0 reduce intcrmodulation products in the DCPR band and climinate the need
for the DCPR transmitter and spare s also suggested. Implementation of this sugy. fion would
requirc minor changes (o the spacecraft’'s S-band receive sysiem and the WEFAX transpoader and
is fcasible on any of the three GOES-N oprions.

The principal changes o the DCS system at the CDA would be additional DAPS ingest
cquipmeat if the growth of 300 and 1200bps DCPs warrants, and the installation of additional
user-provided demodulators if new channcls are activate]. If the DCPR channe were combined
with onc of the WEFAX channels, the DCPR receiver at the CDA would no loager be required
but the WEFAX receiver would have $o modified to handle the DCPR channel.

11.4.9 Coaclusioas and Recommendations

Most of the findings of the DCS survey apply o GOES 1-M rather than o GOES-N. The oaly
recommendation apglying to the GOES-N DCS is an increase in the DCPR downlink EIRP from
150mW to 300mW. No chaages to cither the CDA or the DCPs arc eavisioned.

It is also recommended that adjacent channcl intesference and intermodulation distortion be
measured for the curreat system to determine their effects on chanael performance and the necd
for performance improvements 0 be incorporated into the GOES-N design.  The project aiso
recommends combining the DCPR channel with one of the WEFAX channels to seduce
intermodulation products in tt= DCPR baod and climinate the nced for the DCPR transmitter :nd
spare. Implementation of this recommendation is feasible on any of the proposed GOES-N
spacecraft options and would result ia improved DCPR channel performance and 2 slight savings
in prime power, weight, spacecraft complexity, and cost. it should be poiated out that oaly the
EIRP increase was includzd in the RAQ cost model! inputs.

115  Producss, Process, and Commuaications
115.1 Survey Regutrements

The purpose of this survey was to provide an overall sysiems view of the spacocraft
communications system and the ground system. The survey requirements werc:

1 Survey ground sysicm operatioas:

- Suffing Levels
- Skill Levels

2. Dectermine the impacts on tlemetry and command processing of the orbit and aititudc
conrcol system

3. Detesmunc the tmpact of new iastruments and improved image navigatoa/regisiration on
instrumceat downlink data rates and data processing

4. Dctermine the impact of new products and their timeliness on the GVAR 1ormat,

processing requiremenss, and required user pround equipment
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5 Determine the impact of new insiruments oa recciving and processing equipment & Gic
SOCC, Suitland, Maryland

6. Dctcrmine the impact of acw instruments and additional WEFAX channcls on CDA
traasmit and reccive cquipment aad the telemetry and command system

7 Idcatify and limit the scope of the survey and recommend additioaal surveys and studics.

11.5.2 Technical Approach

The survey tcam intcrviewed NOAA/NESDIS persoanel wo discuss the requirements and thewr
views ou the curreat system and future plans. Next, the tcam obtained an instrument complement
for cach of the three GOES-N optioas and the data wates of these instruments. The data rates
were used 10 develop alicrmative spacecraft and ground system coafigurations 0 satisfy the data
downlink requirements. Link budgets from the GOES-1 predicted performance were used as the
basis for dorcmmining transmit power levei requirements. In tumn, these transmit power levels were
used 0 develop weight and prime power requirements for inpat %o the RAO cost model
Requuircmeeats % the orbit and attitade coatrol system were thea 0 be factored into the telemetry
and command system 10 determine any required changes. Lastly, the data produced by the ncw
instrumeats and the timeliness of the data were t0 be amalyzed 0 determine their impact on the
GVAR format, groun] processing requirements, and uscr ground equipment.

1153 Smamary of Survey Recults

NOAA personnel iaterviewed during the survey included: G. Davis, K Kelley, W. Mazur, and C.
Scttics. As was the case with other arcas of the study, this survey suffered from the delay of the
GOES-1 lauack, since expericace with GOES-1 operations were 0 be the take-off point for
detenmining improvements 0 overcome deficicacies cacouatered.  This was particularly the case
for analysis of ground system opcrations and ground processing of ncw products.  Coacern was
expressed about operation of the new GOES-1 ground system since GOES-| represents a radical
change from the current series of spin-stabilized spacecraft. The GOES-I ground system s much
more astomated, which requires a Ligher level of computer literacy amoag operations persnancl.
Coatrol of a three~axis stabilized spacecraft will also be more demanding of coatrollers than the
current spacecraft.  The need for expert sysiem techniques to simplify troubleshooting and the
development of diagnostic tools to simplify orbital venfication was “rought up. Another concem
expressed was the uareliability of the terrestri2l commuaication facilities between SOCC and the
CDA duc 10 anomalous propagation conditions during certain scasoas of the year. The nclusion
of voice channels on GOES-N or the Icasing of DOMSAT channcls was suggested.

Another factor that limited the survey was that because of the parallel nature «f the GOES-N
studics, results were not available for inclusion .n our study. In addition, scveral studies that
would have provided inputs to the survey (c.g., ground resampling of imager data were not
funded).

11.5.4 Spacccraft Configurations

Instrument complements and daa rates were tsed w develop configurauoas 1 - cach of the three
spaccaraft options.  Cost model inputs were developed sequentially, starting with Option 1. which
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coasists of a GOES-{ platform carrying improved GOES 1-M instrumcnts. Optioas 11 and 111
cmploy a2 morc capablc platform which allowed for ncw instrumcats and greater data rates. The
communication subsystem coafiguratioas used in developing inputs fcr the cost model again
cioscly parallcled the GOES [-M. After completing the cost modcl inputs, the project began
looking for ways to simplify and improve the communication subsystem. Thesc ncw alicrmatives
are described as modificatioas 0 the three optioas.

115.4.1 Optioa I

Table 11.5-1 lists instrument data rates used in developing weight and prime power inputs for the
RAQO cost model for all three spacecraft options. The Option [ data rates are the same as for the
GOES-M spacecraft except for the addition of the LPS (assummg that the SXI is flown on
GOES-M). Since the data from this seasor and the SXI are oaly required by the ERL in Boakder,
Colorado, a scparate camier is provided. We called this casrier the MDL, the same as the
downlink provided oa the GOES-] spacecraft t0 transmat atitede data 10 the CDA and the
SOCC? and o GOES-M 10 transmit SX1 data. The GOES-1 MDL QPSK modulator could be
used directly sinoe it was designed o handle 200kbps. The SXI data would be transmitted via
ooc channel and the LPS via the quadrature channel. Coatrary to the MDL implementation oa
GOES-1, a redondant transmitter would be provided oa the spacecraft. A post would also be
provided on the S-band output multiplexer for the MDL output signal, reducing transmission line
losses about 26dB ccmpared w0 the GOES-1 implemcatation. In GOES-1 the output of the MDL
transmitter was combined with the output of ihe S-band multiplexer through a circulator resulting
in the additional linc ioss. The performance of the MDL link to ERL and the CDA is shown in
Table 115-2. Imager and sounder SDL and processed data (GVAR) relay link performance,
which is the same as in GOES-I, is also shown in Table 115-2. UAQPSK modulation, in which
the | and Q channels have unequal data rates is used for both the MDL and SDL so that the data
outputs of instruments can be fed directly into the modulator input potts. The oaly other change
10 the GOES~1 communication links is 2 3dB increase in the EIRP of the DCPR downlink from
150 10 300mW. The S&R, WEFAX, ana the telemetry and command links remain the same as in
GOES-1. No ground system changes are required because of spacecraft changes. Changes may
be desirable, however, as deficencies are found in the GOES [-M ground system.

‘The terms SOCC and DUS (the Data Utilization Station at the
World Weather Building) are used interchangeably.
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TABLE 11.5-1
Iastrument Data Rates by Spacecraft Optioa

"DATA RATE (kbps) by OPTION

1 n
2600 3200
40 8600
NA NA

NA 64
0.032 0.032
100 100
0.096 0.0%6
0.032 0.032
32 32
NA NA

11542 Optioa | Modificaticns

The combining of on-orbit telemetry data in the MDL downlink was examined. This would
eliminatc the on-board CDA iclemetry transmitters and the tclemetry receiver at ERL’. Removal
of the CDA telemetry link, which is at 1694Mhz, would permi: increasing the DCPR chanuel
bandwidth if additional channels arc desired (e.g., to provide a separate band for 1200 bps
channels). The DSN wicmetry transmitters would, of course, still be available for transfer orbit
and emergency conditions wherein operation via the omnidirectional antenna is required. To
implement this altemative, 3 multiplexer would be required oa the spacecraft to combine the SXI,
LPS, and tclemetry bit streams, as well as a demultiplexer at Boulder, the SOCC, and the CDA.
The GOES 1-M MDL demodulator should be usable with perhaps no modification.

The T&C system was not analyzed to 2ny extent during the survey period. However, feedback
from the GOES-I tcam indicates the the T&C system has reached the full zapacity point; few, if
any, spare ccmmands and few spare telemetry points arc available for cxpassion. An expanded
command sct is r~commended for GOES-N. An expanded telemetry system with more available
iclemetry points, loager minor frame, and an incicased telemetry rate is also recommended to
provide grcater tiexibility.

'‘Recall that low rate SEM instrument data is commutated with
telemetry data.
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TABLE 115-2
Option I MDL, SDL, aad GVAR Lisk Performaace

. . PARAMETER MDL - SDL

Modulation UAQPSK UAQPSK
Tragsmit Power (waits) 20 20

E/N, (dB) for P=10* + 22 dB 13.0 13.0
Implementation Loss

Channel I Q
Power Split (dB) 12 6.0 1 7.
Data Rate (kbps) 100 32 2600 40

Receive O/N, to BDR (dB) 686 -
Margin to BDR (dB) 44 46 - -
Receive O/N, to CDA (dB) 777 .1

Margin to CDA (dB) 13s | 136 09 13.1
Reccive /N, to DUS (dB) 668 -
Margin w0 DUS (dB) 26 28 - -

Another possibility is to combine the SDL and the MDL (incl:ding the on-orbit telem-try) oato
one QPSK camier. The imager data could be transmitied via the I channel and the sounder plus
MDL data via the Q chacnel. The obvious benefit would be the reduction in spac. -Taft
complexity from the elimination of the MDL transmitters. Another benefit is that the SDL center
frequency could be moved to provide a wider guard band between the data downlink and the
1660-1670MHz radio astronomy band. The performance of this combined SDL-MDL link using
GOES-I worst case performance parameters is shown in the scoond column of Table 11.5-3. A
7w transmitter would provide sufficient margin at the CDA, the SOCC, and Bovider. The
negative 1 channel margins at Boulder and SOCC are unimportant because the raw imager data
would not be processed at either location. A Q channel demultiplexer would be needed at the
CDA, the DUS, and Boulder, and the MDL demodulators at SOCC and Boulder would have to be
replaced by GOES-I sensor data demodulators.

Elimination of the processed scnsor data relay link, altemnately called the GVAR or PDR link,
should also be considered. The Option 1 GVAR data rate is ncarly the same as the SDL data rate.
Elimination of this link would require that the SOCC reccive the raw smager and sounder data
directly and that the DUS at the World Weather Building perform the GVAR processing. The
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problcm is that there many organizations that reccive the GVAR data relay link directly would be
affecied by this change. The question, then, is whether these users could be phased over to
AWIPS, which should be opcrational in the GOES-N timc-framc. AWIPS will distribute
remapped weather products derived from GOES instruments (as well as other data) that users
would otherwise gencrate using GVAR data via the NOAA Port channel. GVAR data could still
be made available to users on a non-real-time basis via magnetic tape or perhaps cvea real-time
via AWIPS as a separate scrvice provided by the satellite services contractor. Altematively,
GVAR users could receive the raw data and perform the GVAR processing themsclves.

TABLE 11.5-?
Performance of Option I Coasolidated SDL-MDL Liaks

o7 e VHSDLAMDUE - ‘. SDL-VIDL =
Yo Separate GVAR | = NoGVAR
JAQPSK UAQPSK

Transmit Fiyw=r (w) ' 7 25
E/N, (dB) for P.=1(" + 22 dB 130 13.0
Implementation Los-
Channel 1 Q I
Power Split (dB) 1 1 7 1
Data Rate (kbps) 2600 | 192 | 2600
Reccive C/iN, - CDA (dB) 862 -
Margin to CDA (dB) 8.0 133 -
Receive C/N, - BDR (dB) 756 826
Margin to BDR (dB) -10 55 45
Receive O/N, - DUS (dB) 753 808
Margin to DUS (dB) -28 25 27

Elimination of the GVAR link would require that a n>w ranging technique be implemented
tecause a ranging signal is imbedded in the GOES I-M GVAR signal. A ranging signal could
Jrotably be adoed in the WEFAX channel. As shown in the third column of Table 11.5-3, 2 25
walt transmitter on the spacecraft would provide a margin of 2.7dB on the SDL I channel to the
SOCC/DUS and 8.0dB on the Q channcl.
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Elimination of thc GVAR link would reduce the weight and power requircments of the
communication subsystem, reduce spacecraft complexity, and reduce spectrum usage on both the
uplink and downlink bands. In addition, the GVAR transmitters at the CDA and the GVAR
receivers at SOCC would no loager be needed. The spacecraft weight reductions from climinating
the GVAR, CDA tclemetry, and MDL transmitiers might provide sufficient margin to allow
inclusion of the three additional WEFAX chanaels in Option L.

Neither weight nor prime power estimates have been developed for these altematives. Since the
cost of the communication subsystem is oanly a small fraction of the total spacecraft weight and
cost, any of thc changes discussed would have minimal impact oo the overall spacecraft weight
and cost numbers. Their beacfit would derive from reducing the compl=xity of the
communication subsystem and improving spectrum efficiency. In the project’s, opinion, these
altematives pose low technical and schedule risks. Another factor to comsider is that if there is a
move from S-band to X-band (as was pointed out at the fourth quarterly review); a-similar
consolidation of the varionss GOES carriers might be required.

115.4.3 Optioa Il

In keeping with the GOES [-M communication system architecture, Toble 11.5-4 shows the
instruments and data rates assigned to the Option I MDL, SDL, and GVAR links. Option II
includes a lightning mapper, an improved imager (1 km resolution) and sounaer, the additional
three WEFAX channels, the DCS Report channel downlink with increased transmit power (3 dB),
and the GOES-i S&R subsystem (i.c., with no position determination capability). Also allocated
was 100kbps for the downlinking of attitude coatrol system data, a conservative estimate that can
be refined when coatrol system requirements are better defined.

On the assumption that the SOCC will have an MDL demodulator and receive the MDL, the
lightning mapper and attitude co.trol system data were included on the MDL. This was thought
to be more cfficient than the alternative of multiplexing these data on the SPL and relaying them
to SOCC via the GVAR link. The project also included the on-ombit telemetry data on the MDL,
eliminating the CDA telemetry transmitters on the spacecraft. Not included in the analysis,
because the requiremeat was not discovered until late in the study, was the need for two-static..
ranging to provide the orbit determination accuracy required by the proposed control system.

Tne frequency band allocatec tor these links is 20MHz between the top of the radio astronomy
band at 1670MHz and WEFAX at 1691MHz. The sum of the MDL, SDL, and PDR data ratcs
shown in Table 11-5.4 is about 16.5Mbps, largely driven by the large sounder data rate. To
operate in the allocated 20MHz band, a combination of higher rate/more spectrum-efficient
modulation techniques and imager and sounder data compression need to be considered. The
performance of the MDL, SDL, and GVAR links with QPSK modulation and wsing GOES-I
worst case performance parameters is given in Table 11.5-5. In all three cases, suitable solid
state power ainplifiers ase available at S-band.
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TABLE [1.5-4

Optioa 11 Instrumedt 1 ink Assignments and Data Rates

ﬁ SR \ 'LINK DATA RATES (kbps) .
INSTRUMENT - MpL | o spL " GVAR
Telemetry + Low Rate 2
SEM Instruments
Solar X~-Ray Imager 100
Lecal Plasma Seasor 32
Lightning Mapper 64
Attitude Data 100
Imager 3200 2300
Sounder 8600 1430
TOTAL _ 298 __ 11800 4230
TABLE 11.5-5
Option 11 MDL, SDL, and GVAR Performance .
w~ -~ PARAMETER +©.- :* |«“MDL -{ SDL"' |: “GVAR
Modulation QPSY. QPSK UAQPSK
_ Transmit Power (watts) 3 5 40
IE./N, (dB) for P=10° + 22 dB 13.0 13.0 130
Implementation Loss |
Channel 1 Q I Q ! Q |
U power Split (dB) 3 3 3 3 | 19 | 46
Data Rate (kbps) 164 | 164 | 4500 | 4500 | 2800 133 I
Receive C/N, - BDR (dB) T34 - I
| Margin to BDR (dB) 53 | 53 - - - - |
Reccive C/N, - CDA (dB) 825 84.7 - I
I Margin to CDA (dB) 165 | 165 | 21 21 - -
I Recsive C/N, - DUS (dB) 71.6 - 82.8
I Margin to DUS (dB) 35 |35 | - | - | 20| 3

" Data rate includes 10 pereent multiplexer overhead.
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An on-board multiplexer would be required for the MDL to combine the outputs from the five
data sources. Becausc of the sounder's high data ra‘., balanced QPSK ( or 8-PSK) modulation
must bc used because of bandwidth limitations. 2. multiplexer is required to combine the imager
and sounder data strcams so that the 1 and Q char nel data rates can be balanced. Tea percent
multiplexer overhead is included in the MDL and SDL data rates, and the SDL data rate includes
1.67 to 1 data compression and Recd-Sclomon forward error correction. The coding is added to
improve the probability f error from 10 to about 10 becausc errors will have a greater
degrading cffect on a compressed bit stream than on an uncompressed bit stream. Enough
bandwidth is available that UAQPSK can be used for the GVAR link. The resulting bandwiath
requirement is about 15MHz, exclusive of guard bands between channels.

11.5.4.4 Option 1l Modifications

Coasolidation of the MDL and SDL was recommended for Option I. Its feasibility hinged on the
relatively low Option I instrument data rates. However, because of the much higher data rate of
the Option II sounder, consolidation of the SDL and MDL is not viable unless combined with
removal of the GVAR link. UAQPSK, which permits ERL to process only the low rate Q
channel, cannot be used if thire is a GVAR link because of bandwidth limitations. Balanced
QPSK would require about S0 watts of transmit power to ERL plus would require the receive
system at ERL to demodulate the high data rate signal and then demultiplex the data stream to
obtain the SEM irstrument data. Although feasible, this approach does not seem worthwhile.

Table 11.5-6 shows the transmit power required for direct downlink to SOCC and ERL of raw
imager and souader dawa (with compression and coding) on the I channei and MDL data on the Q
channel. About 75W of transmit powcr would be required to provide margins of 2.1dB for the {
channel and 10.4dB for the Q channel to SOCC. Two multiplexers would be required on board
the spacecraft ( one for the I channel and one for the Q channel), two demultiplexers wculd be
required at the DUS, and only one demultiplexer weu!d be required at ERL (assuming there is no
interest in the | channel data).

The required transmit power for this consolidated link is about 75W versus a total of 48 watts for
separate MDL, SDL, and GVAR links. However, only two power amplifiers (perhaps three if
double redundancy is desired) would be required rather than six. In addition, the GVAR transmit
equipment at the CDA would no longer be needed.

11.5.4.5 Option IlI

The added Option Il instruments are the SVM and the Auxiliary Imager. The Option HI imager
and sounder generate the same data rates as their Option Il counterparts. Table 11.5~7 shows the
Option I1! instruments, their data rates, and their link assignments. A % km resolution imager
with a raw data rate of 9.8 Mbps was also considered for Option I1l. However, it was decided to
leave this imager for an additional option (111A) to be studied later.
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TABLE 11.5-6

Option 1! Consolidated MDL and SDL Link

PARAMETER _

Modulation —UAQPSK

Transmit Power (w) 75

E/N, (dB) for P,=10" + 22 dB 13.0

Implementation Loss

Channel | Q

Power Split (dB) 1 7

Data Rate (kbps) . 8900 328

Receive C/N, - BDR (dB) 874

Margin to BDR (4B) 39 122

Receive C/N, - DUS (dB) - 856 I
I Margin to DUS (dB) 2.1 E‘g

Data rate includes 10 percent multiplexer overhead.

TABLE 11.5-7

Option III Instrument Link Assignments and Data Rates

" LINK ' DATA RATES (kbps)

" INSTRUMENT MDL SDL GVAR

Telemetry + Low Rate 2

SEM Instruments

Solar X-Ray Imager 100

Local Plasma Sensor 32

Lightning Mapper 64 64
Attitude Data 100 100
Solar Magnetograph 150

Auxiliary Imager 1750 1500
lnagcr 3200 2800
Sounder 8600 1430
TOTAL 284 13714 5894
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Excluding multiplcxcr overhead, 'he total data rate of these three links is about 19.8Mbps. Thus,
compression of the imager, Auxiliary lmager, and sounder data and usc of 8-PSK modulation will
be required to operatc within the allocated 20MHz band. “With 1.67 to 1 data compression, Reed-
Solomon coding, and a 10 percent multiplexer overicad, the SDL data rate reduces from
13.7Mbps to about 11.5Mbps. Usc of 8-PSK modulation on the SDL results in a bandwidth
requirement of about 7.6MHz compared to 11.5MHz for balanced QPSK modulation. With
balanced QPSK modulation on the MDL and GVAR links, the total bandwidth requiremcnt is
about 14.5MHz, or about the samnc as for Option II. The penalty for using 8-PSK is that the
Ey/N, required for a 10 bit error rate probability is about 3.5dB higher than it is for QPSK.
Table 11.5-8 shows the performance of the MDL, SDL, and GVAR links using worst case
GOES-I performance parameters.

As for the other communication subsystems, the three additional WEFAX channels arc included in
Option IlI1, the S&R subsystem remains the same as in GOES-I, and the DCS is the same as in
GOES-I with an increase in downlink EIRP of 150 milliv-atts (3dB) for the DCP Report channel.

TABLE 11.5-8
Option III MDL, SDL, and GVAR Performance

7+ PARAMETER | svwpE D s | ovar

Modulation QPSK 8-PSK QPSK

Transmit Power (w) 2 20 40

E/N, (dB) for P,=10" + 2.2 dB 13.0 16.5 13.0

Implenientation Loss

Channel I Q - I Q

Power Split (dB) 3 3 - 3 3
I Data Rate (kbps) 46 | 146 | 1385 3250 3(2)5

Receive C/N, - BDR (dB) 69.8 - -

Margin to BDR (dB) 22 22 - - -
I Receive C/N, - CDA (dB) - 90.7 -
ﬂ Margin to CDA (dB) - - 3.6 - -
! Receive C/N, - DUS (dB) - - 838
hargin to DUS (dB) - - - 2.0 2.0

" Data rate includes 10 percent multiplexer overhead.
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11.5.4.6 Option 11l Modifications

The recommended Option IHI communications subsystem configuration is the same as that
discussed under Option II, (i.c., consolidate the SDL and MDL links and eliminate the GVAR
link.) Table 11.5-9 shows the performance of the consolidated link in which the imager and
sounder are multiplexed on the 1 channel and the SEM instrumeats, telemetry, and the lightning
mapper and auxiliary imager are multiplexed on the Q channel. The required transmit power is
about 75W, compared to about 63W for the case of separate MDL, SDL, and GVAR links.
However, only two power amplifiers (perhaps three if double redundancy is desired) would be
required rather than six (two per link). In addition, the GVAR transmitters at the CDA would no
longer be needed. Two multiplexers would be required on-board the spacecraft, two
demultiplexers at the DUS, and one demultiplexer at ERL (assuming there is no interest in the [
channel data).

11.5.5 Conclusions and Recommendations

There are two basic approaches to satisfying the communication subsystem requirements for the
GOES-N spacecraft. One is to follow the GOES [-M architecture of providing separate
downlinks for the SEM instrumeats (MDL), the imager and sounder (SDL), the on-orbit
telemetry, the GVAR uplink and downlink, and the WEFAX, the DCS, and the S&R subsystems

TABLE 11.5-9
Option III Consolidated MDL and SDL Link

PARAMETER .. =
Modulation UAQPSK
Transmit Power (w) 75
E/N, (dB) for P=10% + 2.2 dB 13.0
Implementation Loss
Channel I Q
Power Split (dB) 1.1 6.6
Data Rate (kbps)’ 9000 2500
Receive C/N, - BDR (dB) 874
Margin to BDR (dB) 3.8 3.8
Receive C/N, - DUS (dB) 85.6
Margin to DUS (dB) 2.0 2.0

" Data rate includes 10 percent muluplexer overhead.
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The other approach is to consolidaie some of these links to reduce the number of transmitters
required on board the spacecraft. Such simplification would reduce weight, spacccraft
manufacturing and testing time, and schedule risks.

As dctailed in the survey reports, the incorporation of a position location capability is not
recommended for either the S&R or the DCS. The threc additional WEFAX channels couid be
provided via a single transmitter or separate transmitters for each channel. A single transmitter
scems preferable trom both a weight and spacecraft coniplexity standpoint, but the selection
should probably be left as an option for the spacecraft manufacturer. Additional downlink EIRP
should be provided on the DCP Report downlink to provide additional margin for 1200bps
platforms, the recommendation is to increase the transmit power to 3G0mw. It would also appear
advantageous to combine the DCP Report channel with a saturating WEFAX carrier in one
transmitter, with the carriers appropriately spaced, to reduce the effect of intcrnodulation products
within the DCP Report channel bandwidth as well as eliminating the DCPR transmitters on-board
the spacecraft. This recommendation applies waether a single or separate transmitters are used for
the four WEFAX channels. Another possibility that warrants further study is to provide a
separate frequency band for 3kHz channels for the 1200bps DCPs.

If possible the GVAR link should be eliminated, with raw imager aad sounder data received
directly at the SOCC. GVAR processing would then be performed at the DUS. Current GVAR
users could either transition to remapped products distributed via AWIPS, they could receive the
raw data and process it themselves, or arrangemerts could be made to distribute GVAR data via
the AWIPS or non-real-time via magpetic tape. On-orbit telemetry co.ld be combined with
SEM instrument data on the MDL, elin:inating the cwo CDA telemetry transmitters. The imager
and sounder data link could be combined with the MDL t produce cne downlink carrier. This is
recommended for Option 1. This is also recominended for Options II and HI if the GVAR link
can be climinated.

11.5.6 Recommendations for Additicnal Studies

As the survey progressed, it became 2pparent that some of the survey requirements could not be
completed. In particular, analysis of the ground system and operations was severely hampered by
the fact that the GOES I-M spacecraft have not been launched. One of the purposes of the
survey was to determine deficiencies in the GOES I-M ground system and propcse soiutions for
incorporation in GOES-N. In addit:on, the state of knowledge of the new imager and sounder
was such that a study of ground processing requirements for these instruments was not possible
during this portion of the study effort. For the same reason, new telemetry and command
subsystem requirements could not be generated.

The ACS being proposed for Options Il and III requires a two-station ranging capability to
provide sufficient orbit determination accuracy. This requirement was not stated until the end of
the study effort and, as a result, was not studied. A study is ncedea to develop alternative ranging
system configuraticns and their cost.
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It was commeated at the Fourth Quarterly Review that the GOES program may have to move
from its p.cseat S-band allocation to X-band (7 to 10GHz), as the TIROS program appears to be
doing. If scrious consideration is being giver to such a move, it is critical that the implications be
analyzed.



